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PREFACE 

The  Conference  on  Advances  in  Food  Processing  was  held  on  March  22,  23,  and  24,   1965,  at 
the  Jung  Hotel  in  New  Orleans,  La.     This  conference  was  sponsored  by  the  Southern  Utiliza- 
tion Research  and  Development  Division  in  cooperation  with  the  Southern  Agricultural  Experi- 
ment Stations,    Its  purpose  was  to  strengthen  liaison  between  the  SURDD  and  the  Experiment 
Stations,  and  to  exchange  information  on  important  subjects  of  joint  interest. 

In  prior  years  attendance  at  the  annual  conference  of  these  cooperating  agencies  has  mostly 
been  confined  to  their  representatives.     The  topic  this  year,  however,  aroused  interest  through- 
out the  country.     Therefore  the  SURDD  and  the  Southern  Experiment  Stations  invited  everyone 
interested  in  the  area  of  food  processing. 

These  proceedings  report  the  statements  presented  by  the  various  speakers  during  the  con- 
ference and  give  an  account  of  the  discussions  following. 
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JJnderscored  numbers  in  parentheses  refer  to  literature  cited 
by  the  author.    The  references,  figures,  and  tables  are  re- 
produced essentially  as  they  were  supplied  by  the  writer  of 
each  paper. 

Mention  of  companies  or  products  used  in  this  publication 
are  solely  for  the  purpose  of  providing  specific  information 
and  does  not  imply  recommendation  or  endorsement  by  the 
U.  S.  Department  of  Agriculture  over  others  not  mentioned. 
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OPENING  REMARKS 


by 


O.  B.  Garrison,  Director 
South  Carolina  Agricultural  Experiment  Station 

Gentlemen,  I  ask  you  to  take  your  seats 
please.    I  call  this  session  to  order.    I  am 
O.  B.  Garrison,  the  general  chairman  of  this 
Conference  on  Advances  in  Food  Processing. 
I  am  ordinarily  Director  of  the  USDA  Agricul- 
tural Experiment  Station  at  Clemson,  S.  C. , 
and  I  am  also  the  present  Chairman  of  the 
Southern  Agricultural  Experiment  Station 
Directors. 

I'd  like  to  introduce  as  co-chairman, 
Dr.  L.  G.  MacDowell,  who  is  Director  of 
Research  of  the  Florida  Citrus  Commission 
at  Lakeland,   Fla. 

The  Department  of  Agriculture  has  had 
in  progress  in  the  United  States  for  many 
years  a  program  that  revolves  around  region- 
al research  laboratories  administered  directly 
under  the  Department.    One  of  those  that  has 
served  the  South  very  admirably  has  been  this 
Southern  Utilization  Research  and  Develop- 
ment Division,  with  its  associated  laboratory 
located  here  in  New  Orleans. 

We  were  fortunate  in  having  assigned  to 
this  laboratory  about  1950,  Dr.   C.  H.   Fisher, 
who  had  previous  service  at  one  of  the  other 
laboratories.     He  has  done  a  very  fine  job  at 
this  laboratory,  and  Pd  like  to  recognize  him 
at  this  time  to  extend  you  a  welcome. 
Dr.   Fisher. 

WELCOME 

by 

C.  H.   Fisher,  Director 

Southern  Utilization  Research 

and  Development  Division 

It  is  my  great  honor  and  pleasure  to  wel- 
come this  splendid  audience  and  our  dis- 
tinguished guests  and  speakers  to  this  import- 
ant conference  on  food  processing.    It  is 
pleasing  to  see  so  many.    I  hope  that  you  will 
all  find  your  stay  in  New  Orleans  very  enjoy- 
able and  profitable. 

We  of  the  Southern  Utilization  Research 
and  Development  Division  of  USDA  have  the 
privilege  each  year  of  meeting  with  the  col- 
laborators representing  each  of  the  Southern 
State  Experiment  Stations.    On  a  number  of 


occasions,  as  is  the  case  this  year,  the  Di- 
rectors of  the  State  Experiment  Stations  and 
USDA  Administrators  honor  and  favor  us  by 
attending  and  participating  in  the  Conference. 
This  adds  to  the  dignity  and  importance  of 
the  Conference,  of  course.    We  hope  that  the 
State  Directors  and  USDA  Administrators 
will  participate  in  more  of  our  future  confer- 
ences--and  that  they  will  visit  us  more 
frequently. 

I  am  grateful  because  I  have  had  the 
privilege  of  working  and  meeting  with  Direct- 
ors of  the  Southern  Experiment  Stations  since 
1950.    I  hope  the  participants  of  the  Confer- 
ence will  have  an  opportunity  of  becoming 
better  acquainted  with  the  Directors  and  USDA 
Administrators  while  in  New  Orleans. 

I  have  had  the  pleasure  of  attending  sev- 
eral meetings  of  the  State  Directors  in  vari- 
ous states  and  in  Puerto  Rico  and  have  en- 
joyed these  meetings  immensely.    If  the 
State  representatives  enjoy  this  Conference 
one-haK  as  much  as  I  have  enjoyed  the  State 
meetings,  they  will  indeed  have  a  good  time. 

I  must  be  brief,  but  I  do  wish  to  say  a 
word  about  research  in  the  USDA's  Southern 
Division.    About  60  percent  of  our  total  effort 
in  the  SURDD  is  invested  in  cotton  utilization 
research.    For  this  reason  there  is  the  tend- 
ency, at  least  in  textile  circles,  to  think  of 
wash-wear  cottons,   stretch  cottons,  new 
cotton  machinery,  and  the  like,  when  the 
SURDD  is  mentioned.    Nevertheless,  the 
SURDD  and  its  field  Laboratories  do  a  great 
deal  of  research  concerned  with  the  process- 
ing and  utilization  of  food  products.     This 
research,  done  in  cooperation  with  many  or- 
ganizations, has  been  highly  profitable.    I 
would  like  to  mention  a  few  examples  to 
illustrate  this  point. 

A  giant  among  research  achievements  is 
frozen  citrus  concentrates.     These  came  from 
cooperative  work  with  the  Florida  Citrus 
Commission.    It  has  been  estimated  that  the 
citrus  concentrate  industry  has  paid  about 
$500  million  in  Federal  taxes  since  its  be- 
ginning about  20  years  ago.     Because  this  is 
the  20th  anniversary  of  the  development  of 
frozen  concentrates,  it  would  be  appropriate 
to  dedicate  our  Conference  to  this  great  re- 
search achievement  and  to  the  researchers 
responsible  for  it.     The  USDA  presented  its 
highest  honor --the  Distinguished  Service 
Award--  to  the  group  primarily  responsible 
for  this  achievement.    We  are  honored 


because  two  important  members  of  this  group 
are  here:    L.   G.  MacDowell,  Director  of 
Research,   Florida  Citrus  Commission,  and 
M.  K.  Veldhuis,  Director  of  USDA's  Fruit 
and  Vegetable  Products  Laboratory,  Winter 
Haven,   Florida. 

Another  major  achievement  resulted  from 
cooperative  research  by  the  North  Carolina 
Agricultural  Experiment  Station,  the  National 
Pickle  Packers'  Association,  the  pickle  in- 
dustry, and  the  USDA  Food  Fermentation 
Laboratory  at  Raleigh,  N,  C.     The  product, 
fresh  pack  pasteurized  cucumbers,  has  an 
annual  retail  value  of  about  $100  million.  We 
are  honored  because  the  principal  developer, 
and  the  leader  of  the  USDA  Food  Fermenta- 
tion Laboratory,  is  in  the  audience.    He  is 
Jack  L.   Etchells,  who  has  done  much  valu- 
able and  money-making  research  during  his 
fruitful  career. 


Processed  pink  grapefruit  products  from 
cooperative  work  by  our  Weslaco  Laboratory, 
the  Texas  Agricultural  Experiment  Station, 
and  the  industry  in  the  Rio  Grande  Valley.  We 
are  also  honored  to  have  Francis  P.  Griffiths, 
Director  of  the  Weslaco  Laboratory,  in  the 
audience  today. 

You  will  hear  about  acetoglycerides  (cocoa 
butter-like  fats)  and  other  research  achieve- 
ments in  food  research  at  this  Conference. 

Many  persons  have  contributed  to  this 
Conference,  and  I  wish  to  thank  all  of  them. 
First,  I  wish  to  congratulate  and  thank  our 
Program  Committee  for  doing  a  splendid  job. 
Those  on  the  Program  Committee  are:  Bruno 
H.  Wojcik,  John  J.  Mikell,  Vernon  H.  Mc- 
Farlane,  Harold  J.  Deobald,  Henry  L.  E. 
Vix,  and  James  J.  Spadaro. 


If  we  had  sufficient  time,  I  would  be 
pleased  to  discuss  other  important  achieve- 
ments stemming  from  cooperative  research 
involving  the  SURDD.     Examples  are: 

Instant  sweetpotato  flakes,  with  import- 
ant contributions  from  the  Louisiana  and 
North  Carolina  Agricultural  Experiment 
Stations. 


In  addition,  I  wish  also  to  thank  our 
speakers  and  chairmen. 


In  closing,  we  at  the  Southern  Utilization 
Research  and  Development  Division  invite  the 
State  Directors  and  their  associates  to  meet 
with  us  again  soon,  either  collectively  or  in- 
dividually. 


FIRST  SESSION:    D,   Chambers,   Louisiana  Agricultural  Experiment  Station,   Chairman 

RECENT  DEVELOPMENTS  IN  THE  ORGANIZATION  AND 
ADMINISTRATION  OF  AGRICULTURAL  RESEARCH 

by 

N.   C.  Brady 

Director  of  Science  and  Education 

U.  S,  Department  of  Agriculture 

Washington,  D.  C. 


[The  paper  presented  by  Dr.  Brady  was 
essentially  the  same  as  his  presentation  be- 
fore the  Organization  for  Economic  Cooper- 
ation and  Development  (OECD)  Committee 
for  Agriculture,  Paris,   France,  October  14, 


1964,   This  presentation  has  been  published 
under  the  title  "Organization  and  Administra- 
tion of  Agricultural  Research  in  the  United 
States.  "  Copies  are  available  on  request  from 
the  Office  of  Science  and  Education.] 


MOLD  TOXINS  AND  THEIR  IMPLICATIONS  FOR  FOOD 


by 

F.  R.   Senti 

Agricultural  Research  Service 

U.  S,  Department  of  Agriculture 

Washington,  D.  C. 


Introduction 


Our  interest  today  is  focused  on  molds 
as  toxin  producers,  potentially  a  most  seri- 
ous quality  problem  confronting  the  producers, 
manufacturers,  and  handlers  of  food  and  feed 
products. 

At  the  outset,  I  should  point  out  that 
molds  are  paradoxical:  although  many  of  us 
think  of  all  molds  as  being  harmful,  nothing 
could  be  further  from  the  truth.     They  are 
ubiquitous  and  abundant,  but  the  vast  majority 
of  the  100,  000  species  cause  no  apparent 
harm  to  human  beings  or  to  animals.    In 
fact,  for  centuries  molds  have  been  used  in 
making  prized  foods  such  as  Roquefort  and 
Camembert  cheese,  and  such  staples  of 
Oriental  diet  as  miso,  tempeh,  and  soya 
sauce.    Ironically,  even  their  toxicity  de- 
pends on  the  point  of  view:  to  bacteria, 
penicillin  is  a  lethal  toxin;  to  man,  it  is  a 
lifesaver.    Useful  products  elaborated  by 
molds  are  not  limited  to  penicillin  and  the 
many  antibiotics  produced  by  the  Streptomy- 
cetes  group  but  include  vitamins  or  their 
precursors,  such  as  B2,  B12,  and  beta- 
carotene,  and  a  number  of  products  used 
commercially,  such  as  organic  acids  and 
commercial  enzyme  preparations. 

The  point  to  be  made  is  that  all  molds  do 
not  produce  toxins.    It  must  be  emphasized, 
however,  that  the  molds  used  in  the  prepara- 
tion of  food  are  a  selected  few;  the  majority 
of  the  thousands  of  molds  that  occur  in  nature 
are  undesirable  in  food  or  feeds  because  of 
their  disagreeable  odors  and  flavors.    And  a 
few  do  produce  toxins. 

Background  of  Mycotoxin  Problem 

Feeds 

The  problem  of  molds  in  feeds  is  not  a 
new  one,  and  it  is  not  unique  to  any  one  in- 
dustry.    The  list  of  reported  deaths  or  ill 
effects  resulting  from  consumption  of  moldy 
feeds  is  a  long  one.    Animals  poisoned  in- 
clude cattle,  horses,  pigs,   sheep,  and 
poultry.    Materials  implicated  include  various 


cereal  grains,  sweet  clover,  peanuts,  cotton- 
seed, and  other  agricultiu-al  products. 

One  of  the  first  research  workers  to  iso- 
late the  causative  agent  in  naturally  occurring 
mycotoxicosis  among  animals  was  Schofield, 
who  identified  two  Aspergillus  species  in  a 
sporadic  outbreak  of  sweet  clover  poisoning 
among  cattle  in  the  early  1920's  (18).    About 
30  years  later,  Aspergillus  species  isolated 
from  feed  were  shown  by  Forgacs  and  co- 
workers to  be  implicated  in  bovine  hyper- 
keratosis (5,   10).    They  soon  also  associated 
toxic  fungi "witiTthe  hemorrhagic  syndrome  in 
poultry  (9).    In  1957,  Burnside,  working  with 
the  Forgacs  group,  reported  on  a  disease  of 
swine  and  cattle  that  had  eaten  moldy  corn. 
Although  13  molds  were  isolated  from  the 
corn,  only  two — Aspergillus  flavus  and  Peni- 
cillium  rubrum--gave  products  toxic  to  the 
animals  (4). 

Foods 

That  mycotoxicoses  are  reported  more 
frequently  among  animals  than  among  human 
beings  is  to  be  expected,  since  feedstuffs 
have  undergone  only  a  minimal  amount  of 
processing  and  since  animals  are  fed  the 
same  ration  for  a  long  time  (2),    However, 
mycotoxins  in  foods  have  recently  been 
recognized  as  hazards  to  human  beings. 

In  several  areas  of  Russia  during  World 
War  n,  the  disease  known  as  alimentary  toxic 
aleukia  was  widespread  and  frequently  lethal, 
especially  in  1944  when  food  was  so  scarce 
that  large  portions  of  the  population  could 
subsist  only  by  searching  for  grains  that  had 
been  covered  by  snow  all  winter  (14).    Joffe 
reported  the  casual  agents  to  be  species  of 
Fusarium  (13);  a  freezing -thawing  cycle 
especially  favored  their  growth  and,  in  the 
field,  was  requisite  to  their  producing  toxin 
(15).     Toxicity  was  highest  in  samples  of 
wEeat,  then  millet,  then  barley;  when  moldy 
millet  was  examined  after  6  or  7  years'  stor- 
age, the  toxin  still  persisted  (14). 

In  the  1950's,  discovery  of  toxic  molds 
in  rice  imported  by  Japan  threatened  to 


drastically  curtail  our  large  exports  to  them. 
The  rice  turned  yellow,  became  bitter,  and 
fortunately  was  not  extensively  consumed  by 
human  beings  (16),     However,  when  a  regu- 
lated amount  was  fed  to  human  beings  as 
part  of  an  investigation  conducted  by  the 
Japanese  Ministry  of  Public  Health  and  Wel- 
fare, the  subjects  felt  generalized  weariness 
and  gradually  lost  their  appetite.     Latent 
hypovitaminosis  of  Bi  and  B2  and  disfunction 
of  the  liver  were  also  evident  (12).     The 
causal  fungus  was  identified  as^Penicillium 
islandicum,  which  produces  at  least  two  com- 
ponents that  are  hepatoxic  and  at  least  one 
that  is  carcinogenic  in  rats. 

At  the  SURDD  Japanese  and  American 
scientists  examined  tens  of  thousand  of 
grains  of  rice  produced  in  the  South  without 
finding  a  single  one  contaminated  with  P. 
islandicum.    A  comparable  survey  conducted 
by  the  WURDD  showed  that  short-grained 
rice  grown  in  California  was  essentially  un- 
contaminated.     On  the  basis  of  these  findings, 
the  Japanese  government  removed  its  re- 
striction on  the  purchase  of  U.  S.  rice. 

Current  Mycotoxin  Problem 

Discovery  in  England 

However,  these  isolated  incidents  did 
not  attract  much  attention,  even  among 
specialists.     Then  5  years  ago  the  situation 
changed  abruptly  when  thousands  of  young 
turkeys,  ducklings,  and  other  fowl  died  in 
England  from  a  mysterious  disease  dubbed 
"turkey  X  disease.  "    The  common  ingredient 
in  their  feed  was  rather  quickly  identified  as 
an  imported  Brazilian  peanut  meal,  and  with- 
in about  a  year,  the  cause  of  the  disease  was 
discovered  to  be  a  toxic  material  produced 
by  the  very  common  mold,  Aspergillus  flavus. 
This  toxic  substance  was  christened  aflatoxin 
after  the  name  of  the  mold. 

It  was  soon  found  that  under  favorable 
growth  conditions  A.  flavus  produces  at  least 
four  toxins,  whiclTare  similar  but  distinct 
chemical  substances.     They  have  been  desig- 
nated   Bi,  B2,  Gi,  and  G2,  the  letters  indi- 
cating which  fluoresce  blue  and  which  green 
under  ultraviolet  light,  and  the  subscripts 
identifying  their  relative  mobility  under 
specific  conditions  of  chromatography.  Only 
very  small  amounts  of  the  four  aflatoxins  are 
found  in  plant  products,  amounts  that  are 
generally  reckoned  in  parts  per  billion.     But 
that  is  enough.     They  are  extremely  potent 


toxins,   so  potent  that  an  ounce  of  aflatoxin 
B^,  properly  distributed,   could  kill  a  million 
ducklings. 

Background  of  U.  S.  Involvement 

Before  and  even  after  the  cause  of 
"turkey  X  disease"  was  identified  as  a  toxin 
produced  by  A,  flavus,  there  was  little  con- 
cern in  this  country  because  it  was  thought 
that  the  contamination  in  foreign  peanut 
meals  was  due  to  poor  technology.    In  the 
spring  of  1963,  however,  this  situation 
changed.    In  April,  a  research  group  in 
California  reported  that  a  feed  containing 
cottonseed  meal  had  produced  a  high  inci- 
dence of  hepatoma  in  hatchery  trout  (22), 
As  a  consequence,  the  California  State" 
Department  of  Health  eliminated  cottonseed 
as  an  ingredient  of  dry  feed  used  in  California 
hatcheries.    We  now  know  that  trout  are  ex- 
tremely susceptible  to  aflatoxin,  perhaps  the 
most  susceptible  animal  species;  therefore, 
although  the  meal  used  in  the  California  ex- 
periments was  never  analyzed  for  aflatoxin, 
it  at  least  appears  likely  that  aflatoxin  was 
the  causative  agent  of  the  observed  hepa- 
tomas. 

At  almost  the  same  time,  in  the  spring 
of  1963,   Professor  Salmon  of  Auburn  Univer- 
sity reported  that  a  diet  containing  domestic 
peanut  meal  had  produced  a  high  incidence  of 
hepatoma  in  rats  (17).    Again,  the  presence 
of  aflatoxin  was  a  dTstinct  possibility.  Although 
peanut  meal  is  not  ordinarily  produced  from 
edible  grades  of  peanuts,  the  Department  of 
Agriculture,  as  well  as  the  peanut  industry, 
became  concerned  about  the  possible  occur- 
rence of  molds  in  domestic  peanuts. 

Survey  of  CCC  Peanut  Stocks 

Although  the  Department's  first  experi- 
mental work  in  this  program  involved  cotton- 
seed, we  considered  ailatoxin  in  peanuts  to 
be  the  more  immediately  critical  problem, 
A  major  phase  of  the  Department's  first 
work  on  peanuts  was  a  survey  of  the  inci- 
dence of  aflatoxin  in  peanut  stocks  held  by 
the  CCC  throughout  the  country,   something 
like  200,  000  tons  of  peanuts.     This  survey 
was  an  important  factor  in  developing  the 
Department's  contract  program  for  the 
marketing  of  the  1964  peanut  crop.     That 
program  was  designed  to  assure  that  only 
high  quality  peanuts  are  marketed  for  food 
and  that  those  not  meeting  these  standards 
are  channeled  into  nonfood  uses.    A  four- 


phase  program  for  peanuts  was  announced  in 
July  1964:    (a)  changes  in  the  price  support 
program;  (b)  educational  assistance  to  the 
peanut  industry  to  help  improve  the  quality  of 
peanuts  through  improved  methods  of  grow- 
ing, harvesting,  drying,  storing,   shelling, 
and  processing;  (c)  Federal-State  inspection 
of  all  lots  of  shelled  peanuts;  and  (d)  a  re- 
search program  seeking  better  ways  to  elimi- 
nate damage  to  peanuts,  particularly  damage 
due  to  molds.    An  important  feature  of  this 
new  price  support  program  is  an  insurance 
provision  designed  to  eliminate  or  to  mini- 
mize losses  from  mold-damaged  peanuts  to 
peanut  producers,   shellers,   or  processors. 
The  program  is  working  out  very  well.     The 
National  Peanut  Council  adopted  a  Voluntary 
Code  of  Good  Practices  for  purchasing, 
handling,  storing,  and  processing  peanuts. 

In  addition  to  providing  information 
needed  to  develop  the  marketing  program  for 
the  1964  peanut  crop,  the  survey  also  indi- 
cated the  extent  of  the  mold  problem.     There 
are  aflatoxin-producing  strains  of  Aspergillus 
flavus  in  all  the  important  peanut -growing 
areas  of  the  United  States.    None  is  free;  all 
areas  are  involved.    I  should  hasten  to  add 
that  relatively  few  samples  of  No.   1  peanuts 
had  any  detectable  amounts  of  aflatoxin  and 
those  that  did  had  relatively  low  levels.   Con- 
tamination generally  occurs  in  damaged  pea- 
nuts that  are  included  in  the  pickouts  re- 
moved in  the  grading  process.     Contamina- 
tion also  appears  to  be  highly  selective.   That 
is,  a  few  kernels  carry  relatively  large 
amounts  of  aflatoxin  and  the  vast  majority 
contain  no  detectable  amounts.     Broad  geo- 
graphic involvement,  similar  to  that  observed 
within  the  United  States,  was  also  noted  at  the 
UNICEF  meeting  on  Groundnut  Toxicity  Prob- 
lems held  in  London  in  1963,     It  was  reported 
there  that  tests  for  aflatoxin  had  been  carried 
out  on  groundnut  samples  from  most  of  the 
groundnut-producing  countries  of  the  world. 
By  no  means  did  all  samples  contain  toxin, 
but  in  no  case  was  a  country  found  to  be  free 
of  the  problem  (3). 

Nor  is  the  problem  necessarily  limited 
to  peanuts.    Aspergillus  flavus  molds  are 
widely  distributed,  and  toxin-producing 
strains  could  occur  in  any  of  our  grains  and 
oilseeds.     To  complicate  things  a  little  more, 
it  should  be  noted  that  the  mold  A.  flavus 
produces  toxic  materials  other  tHan  aflatoxin 


(21),  and  that  aflatoxin  is  produced  by  molds 
other  than  A.  flavus. 


ram 


Initiation  of  Expanded  Research  Prog 
by  USDA 


Accordingly,  a  broad  research  program 
involving  a  number  of  commodities  was  de- 
veloped by  the  Department  with  the  advice  and 
cooperation  of  the  experiment  stations  and  of 
representatives  from  industry.     The  commodi- 
ties now  being  investigated  are  peanuts,  cot- 
tonseed, cereal  grains,  and  soybeans.    An 
increased  appropriation  for  the  current  fiscal 
year  has  greatly  aided  in  getting  this  program 
underway,  and  the  research  effort  now  . 
amounts  to  more  than  a  million  dollars  a 
year. 

Although  there  is  no  direct  evidence  that 
aflatoxin  is  harmful  to~Tiuman  beings,  the 
problem  has  obvious  significance  in  foods  as 
well  as  feeds.    We  must  recognize  the  possi- 
bility not  only  of  their  occurrence  in  foods 
themselves  but  also  of  their  transmission 
into  animal  products  such  as  milk,   meat, 
and  eggs.    An  experiment  has  been  reported 
in  which  a  toxic  material  appears  to  have 
been  secreted  in  the  milk  of  cows  fed  toxic 
peanut  meal  that  contained  very  high  levels 
of  ailatoxin.     The  toxin  was  detected  in  the 
milk  12  to  24  hours  after  feeding  of  the  con- 
taminated peanut  meal  was  begun  and  dis- 
appeared from  the  milk  within  four  days 
after  it  was  discontinued.     The  amount  of 
toxin  found  in  the  milk  was  only  about  1 
percent  of  that  in  the  feed  (6).    In  another 
preliminary  experiment,  aflatoxin  was  not 
found  in  the  liver  from  a  cow  and  a  pig  or 
in  eggs  from  pullets  after  the  animals  were 
fed  rations  containing  toxic  groundnut  meal 
(1).    Although  animals  may  prove  to  be  effi- 
cient "filters"  of  the  toxin,  the  possibility 
of  transmission  needs  extensive  investiga- 
tion. 

Also  focusing  attention  on  the  problem 
is  the  fact  that  developing  countries  are  in- 
creasing their  use  of  cottonseed  flour  as  hu- 
man food,  a  potential  solution  to  the  high 
incidence  of  diseases  caused  by  protein  defi- 
ciency.    It  is  therefore  necessary  to  assure 
the  wholesomeness  of  the  basic  product  and 
to  develop  specifications  of  quality  for  spe- 
cific uses  (11). 


In  this  context- -implications  for  foods 
and  feedstuffs--the  Department  outlined  the 
objectives  of  its  research  program  to  find 
practicable  methods  for  preventing  or  at 
least  minimizing  mold  growth: 

(1)  For  guidance  of  research  as  well  as 
for  surveillance  of  commodities  in  marketing 
channels,  rapid  analytical  methods  for  afla- 
toxin  are  needed,  recognizing  that  each  com- 
modity may  present  special  problems  of 
analysis. 

(2)  To  design  effective  measures  for 
prevention,  we  must  determine  at  which 
stage  or  stages  in  the  growth,  harvesting, 
handling,  or  storing  of  a  commodity  mold 
growth  and  contamination  by  toxin  pro- 
ducers may  occur, 

(3)  Finally,  processes  for  removing  or 
destroying  toxins  should  be  developed  so  that 
contaminated  agricultural  products  need  not 
be  diverted  to  low  value  uses  such  as 
fertilizer. 

Seven  research  divisions  ^of  the  Agri- 
cultural Research  Service  and  eight  State 
agricultural  experiment  stations, ^^  many  of 
them  represented  here  today,  are  now  in- 
volved in  this  program.     To  coordinate  the 
ARS  program  and  make  it  as  effective  as 
possible,  a  working  group  of  Division  rep- 
resentatives has  been  established  with  the 
Associate  Administrator  of  the  Agricultural 
Research  Service  as  Chairman.     Close  liai- 
son is  maintained  with  the  Agricultural 
Stabilization  and  Conservation  Service  of  the 
Department  and  with  the  Food  and  Drug 
Administration  of  the  Department  of  Health, 
Education  and  Welfare,  two  agencies  that 
are  also  concerned  with  the  af latoxin  prob- 
lem. 

Investigations  by  the  Farm  Research 
Divisions  of  ARS,  in  cooperation  with  the 
agricultural  experiment  stations,  are  im- 
portant since  the  greatest  opportimity  for 
peanuts  to  become  contaminated  with  mold 
appears  to  be  on  the  farm.    In  fact,  much  of 
the  Department's  research  program  on  molds 
in  peanuts  is  directed  toward  developing 
methods  and  equipment  that  will  eliminate 
or  reduce  contamination  during  digging,  cur- 
ing, and  harvesting. 


In  addition  to  other  work  on  peanuts,  in- 
cluding long-range  attempts  to  breed  mold- 
resistant  strains.   Farm  Research  and  the 
experiment  stations  are  investigating  fungi 
associated  with  soybeans  and  cottonseed  in 
various  stages  of  growth,  particularly  with 
respect  to  possible  toxin-producing  species. 

The  Marketing  Research  Divisions  of 
ARS  are  studying  the  effects  of  storage  treat- 
ments and  other  off -farm  handling  on  the  pro- 
duction of  aflatoxin;  developing  methods  for 
rapid  detection  of  molds  and  fungal  metabol- 
ites; and  are  developing  improvements  in 
storing,  cleaning,  shelling,  and  grading  of 
peanuts.    Some  facets  of  their  work  also 
apply  to  rice  and  to  cottonseed,  particularly 
when  boll  rot  is  prevalent. 

Three  of  the  Utilization  Research  and 
Development  Divisions--Southern,  Northern, 
and  Western- -are  also  conducting  extensive 
research  programs  on  the  aflatoxin  problem. 
Most  of  the  research  thus  far  has  been  on 
peanuts  and  cottonseed,  which  I  shall  discuss 
first,  but  some  of  the  findings  may  also  be 
applicable  to  other  products. 

Methods  developed  by  the  SURDD  for  the 
analysis  of  peanut  and  cottonseed  products 
are  faster,  more  accurate,  and  more  sensi- 
tive than  those  available  only  a  year  ago.    A 
working  standard  of  a  solution  containing 
known  amounts  of  all  four  recognized  afla- 
toxins  has  been  prepared  and  is  now  avail- 
able.   Its  use  should  improve  the  standardi- 
zation of  results  between  laboratories  re- 
questing it.     For  use  as  standard  reference 
compounds  and  in  feeding  experiments  for 
study  of  these  chemical  properties,  and  for 
many  other  applications,  it  is  essential  that 
aflatoxins  be  prepared  in  large  quantities; 
fermentation   research  at  the  NURDD  is  being 
directed  toward  that  goal.    Another  phase  of 
the  work  on  analytical  methodology  has  been 
the  development  of  micro  or  semimicro 
methods  that  permit  assay  of  a  single  peanut 
kernel  or  even  a  small  part  of  a  kernel  for 
aflatoxin. 

The  SURDD  and  WURDD  and  the  experi- 
ment stations  are  cooperating  in  feeding  tests 
on  various  experimental  animals.     For  tests 
on  trout,  200-pound  batches  of  five  cottonseed 
meals  selected  by  the  National  Cottonseed 
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Processors  Association  were  extracted  with 
special  solvent  mixtures  and  the  extracts  fed 
to  the  fish.    At  the  recent  conference  of  the 
Western  Experiment  Station  Collaborators  at 
our  Western  Division,   Professor  Sinnhuber 
of  Oregon  State  University  reported  results 
on  similar  experiments  (20). 

Peanut  meals  are  also  being  used  in  feed 
tests.     Experiments  in  progress  with  rats 
will  not  only  assay  the  effects  of  aflatoxin  but 
are  also  designed  to  test  the  hypothesis  that 
peanuts  per  se  do  not  produce  hepatomas. 
Tests  now  being  conducted  with  swine  are  de- 
signed to  show  whether  aflatoxin  damages 
tissues  and  organs  and  whether  it  can  be 
stored  there  and  thus  be  transmitted  in  meat. 

Several  procedures  for  removing  or  in- 
activating aflatoxin  in  cottonseed  products  on 
which  toxin  producing  strains  of  A,  flavus 
have  been  grown  appear  promising.     The  ace- 
tone-hexane -water  mixed  solvent  developed 
to  remove  gossypol  also  removes  aflatoxin 
from  cottonseed  during  processing.     The 
aflatoxin  goes  into  the  oil,  just  as  the  gossy- 
pol does,  but  it  is  removed  during  refining 
and  bleaching  of  the  oil.     This  mixed  solvent 
can  also  remove  aflatoxin  from  finished  cot- 
tonseed and  peanut  meal  without  excess  loss 
of  other  material.    Other  low-cost  solvent 
mixtures  have  also  been  found  to  be  effective. 
The  effect  of  various  chemical  treatments  to 
inactivate  aflatoxin  is  now  being  studied,  and 
some  of  them--for  example,  treatment  with 
ammonia- -appear  potentially  useful.     The 
Food  and  Drug  Administration,  which  is  also 
studying  detoxification  of  aflatoxin,  recently 
reported  that  when  peanut  meal  containing 
about  1,  000  ppb  of  aflatoxin,  was  exposed 
overnight  to  a  10  percent  chlorine  gas  atmos- 
phere, it  lost  its  toxicity  as  judged  by  bio- 
assay  with  the  chick  embryo  (7).    Although 
we  are  not  yet  prepared  to  recommend  any 
of  these  processes,  hopefully  it  will  not  be 
too  long  before  we  can. 

With  the  cooperation  of  the  Experiment 
Stations,  commodities  other  than  peanuts  and 
cottonseed  are  also  being  studied.     Samples 
of  soybeans  selected  during  the  growing 
season,  after  farm  storage,  and  from  feed 
trade  channels  will  be  examined  for  toxin- 
producing  molds.    Rice  from  both  food  and 
feed  channels  is  being  examined.     The 
Northern  Laboratory  is  analyzing  samples 
of  wheat,  corn,   sorghum,  oats,  and  soy- 
beans collected  by  the  Agricultural  Market- 
ing Service  from  carloads  of  grain  received 


at  the  principal  markets.     Surveys  such  as 
these  are  necessary  to  determine  whether  a 
problem  exists  in  these  commodities  and,  if 
so,  the  extent  of  the  problem. 

From  our  knowledge  of  the  properties  of 
aflatoxin --that  it  is  very  stable  to  heat  and 
moderately  stable  to  most  common  chemic- 
als--the  present  indications  are  that  aflatoxin 
will  not  be  completely  removed  or  inactivated 
during  most  conventional  food  processing 
operations  should  it  occur  in  the  commodity 
being  processed.    What  can  we  do  then  to 
safeguard  our  products?    Fortunately,  mold 
damaged  products  are  now  largely  eliminated 
prior  to  processing  for  food  because  of  the 
generally  evident  undesirable  flavor  and 
odors  imparted  by  mold  growth.     However, 
the  potential  hazard  emphasizes  that  com- 
modities for  processing  should  be  selected 
with  great  care  to  eliminate  all  mold  damage 
even  though  most  molds  do  not  produce  afla- 
toxin.    Probably  the  best  way  to  minimize 
the  problem  is  through  measures  taken  in 
growing,  harvesting,  and  storage  to  prevent 
mold  growth  (19). 

The  most  important  environmental  fact- 
ors in  growth  of  mold  and  production  of  afla- 
toxin are  temperature  and  moisture.     The 
optimum  temperature  for  mold  growth  varies 
with  the  type  of  mold.     For  example,  when 
corn  was  stored  at  a  relative  humidity  of  80 
percent,  a  species  of  Penicillium  was  pre- 
dominate at  25°C. ,  A.  flavus  ar30°C.  ,  A. 
glaucus  at  35  °C.  ,  and  a  species  of  Mucor 
at  45  °C.  (8).     The  optimum  humidity  re- 
quirement~for  mold  growth  also  varies  with 
the  type  of  mold.     The  conditions  that  pro- 
mote growth  of  A.  flavus  and  production  of 
toxins  appear  to~be  relatively  high  temper- 
ature and  high  humidity.     The  optimum 
temperature  for  the  production  of  aflatoxin 
appears  to  be  different  for  different  strains 
of  A.  flavus  but  seems  to  lie  in  the  range  of 
about  75  °  to  95  T.  ;  relatively  little  growth 
of  A.  flavus  and  production  of  aflatoxin  occur 
at  Temperatures  below  about  65  °F. 

Moisture  content  is  extremely  important 
and  will  perhaps  be  the  easiest  to  control.  In 
the  case  of  peanuts  it  appears  that  molds  grow 
very  slowly,  if  at  all,  when  the  moisture  con- 
tent is  below  9  percent.    It  should  be  empha- 
sized, however,  that  this  is  the  moisture  con- 
tent of  the  individual  kernel  and  not  the  aver- 
age moisture  content.    Uneven  moisture  dis- 
tribution among  kernels  may  result  in  mold 
growth  even  when  the  average  moisture 


content  is  apparently  at  a  safe  level.    Since 
the  mold  produces  moisture  as  it  grows,  once 
fungal  growth  has  started  in  one  wet  kernel 
further  fungal  proliferation  may  proceed  re- 
gardless of  the  average  moisture  content. 

In  the  case  of  cottonseed  the  safe  level 
of  moisture  content  is  somewhat  higher, 
probably  in  the  region  of  about  11  percent. 
Actually  the  safe  moisture  content  is  depend- 
ent upon  the  temperature.    If  the  temperature 
is  low,  more  moisture  can  be  allowed;  if  the 
moisture  is  low,  a  slightly  higher  tempera- 
ture can  be  allowed.    However,  good  practice 
would  dictate  that  the  moisture  content  be 
reduced  to  below  about  11  percent  and  the 
temperature  be  below  60°  or  65°  F.  as  rapidly 
as  feasible. 

In  research  on  toxic  factors  in  feedstuffs 
or  in  foods,  a  major  concern  must  be  not  only 
the  acute  but  also  the  subtle  long-term  effects. 
The  acute  effects  of  aflatoxin  thrust  the  prob- 
lem upon  us,  but  investigation  of  the  long- 
term  effects  is  just  beginning.     Perhaps  the 
results  of  these  intensive  efforts  will  suggest 
a  means  of  anticipating,  detecting,  and 
avoiding  potential  problems  of  food  safety  be- 
fore they  break  upon  us  in  the  future. 
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Authority  for  the  U.  S.  Department  of 
Agriculture's  foreign  research  program  is 
contained  in  the  Agricultural  Trade  Develop- 
ment and  Assistance  Act  of  1954,  more  com- 
monly known  as  Public  Law  480.     The  pre- 
amble of  the  Act  "declared  it  to  be  the  policy 
of  Congress  to  expand  international  trade 
among  the  United  States  and  friendly  nations, 
. .  .to  make  maximum  efficient  use  of  sur- 
plus agricultural  commodities  in  furtherance 
of  the  foreign  policy  of  the  United  States,  and 
to  stimulate  and  facilitate  the  expansion  of 
foreign  trade  in  agricultural  commodities 
produced  in  the  United  States  by  providing  a 
means  whereby  surplus  agricultural  com- 
modities in  excess  of  the  usual  marketings 
of  such  commodities  may  be  sold  through 
private  trade  channels,  and  foreign  curren- 
cies accepted  in  payment  therefor.  " 

Title  I- -Section  104,   subsections  (a)  and 
(k)  of  the  Law  provide  the  authorization  under 
which  the  USDA  operates.     These  are  just  2 
of  the  19  subsections  authorizing  various  uses 
for  these  foreign  currencies  accumulated  to 
the  credit  of  the  United  States. 

Section  104(a)  authorizes  work  "to  help 
develop  new  markets  for  United  States  agri- 
cultural commodities  on  a  mutually  benefit- 
ing basis.  "    This  authority  has  been  inter- 
preted to  include  research  on  the  development 
of  new  and  extended  uses  for  farm  products, 
and  marketing  and  nutrition  research.   This 
section  provides  for  "the  convertibility  of 
such  amount  of  the  proceeds  (of  sales)  as 
the  Secretary  of  Agriculture  determines  to 
be  needed  to  carry  out  the  purposes  of  this 
subsection  in  those  countries  which  are,  or 
offer  reasonable  potential  of  becoming, 
dollar  markets  for  United  States  agricultural 
commodities.  " 

Section  104(k)  is  much  broader  in  its 
authority.     This  subsection  authorizes  the 
following:    "to  collect,  collate,  translate, 
abstract,  and  disseminate  scientific  and 
technological  information  and  to  conduct 
research  and  support  scientific  activities 


overseas  including  programs  and  projects  of 
scientific  cooperation  between  the  United 
States  and  other  countries  such  as  coordin- 
ated research  against  diseases  common  to  all 
mankind  or  unique  to  individual  regions  of  the 
globe,  and  to  promote  and  support  programs 
of  medical  and  scientific  research,  cultural 
and  educational  development,  health,  nutri- 
tion, and  sanitation.  "   Not  only  the  Depart- 
ment of  Agriculture  but  also  the  Departments 
of  Health,  Education  and  Welfare,   Commerce, 
and  Interior  have  initiated  research  programs 
abroad  under  this  subsection.    All  of  the  pro- 
grams under  this  section  are  now  restricted 
to  those  countries  in  which  the  United  States 
has  foreign  currency  in  excess  of  its  normal 
and  anticipated  needs.     The  so-called  excess 
currency  countries  at  this  time  are:    Israel, 
Egypt,  Poland,   Yugoslavia,  India,  Pakistan, 
and  Burma.    At  one  time  funds  were  provided 
to  support  research  under  Section  104(k)  in  a 
number  of  nonexcess  currency  countries  in 
Asia,  Europe,  and  South  America. 

The  first  grants  executed  under  the  USDA 
program  were  signed  late  in  fiscal  year  1958. 
Beginning  in  the  fall  of  the  fiscal  year  1959, 
teams  of  research  people  visited  a  number  of 
countries  in  Europe  and  Asia  to  explore  the 
research  potentials  of  the  countries.    Later 
a  similar  team  visited  South  America.    Our 
program  was  explained  to  and  cleared  with 
the  American  Embassy  in  each  country  and 
with  the  proper  authorities  of  the  Govern- 
ment of  that  country,  usually  the  Ministry  of 
Agriculture.     These  teams  also  solicited, 
at  research  institutions  in  each  country 
visited,  the  preparation  of  research  pro- 
posals of  mutual  interest  to  the  agriculture 
of  the  country  and  to  U.  S.   agriculture. 

When  research  proposals  are  received 
they  are  referred  to  the  proper  subject 
matter  agency  within  the  Department.     The 
subject  matter  specialists  are  instructed  to 
review  each  proposal  with  the  following  cri- 
teria in  mind:    (1)  Will  the  expected  results 
of  the  research  be  of  value  to  American  agri- 
culture; (2)  does  the  work  complement  or 


supplement  existing  research;  (3)  is  the  plan 
of  work  adequate  to  accomplish  the  objectives 
of  the  research;  and  (4)  are  the  estimated 
costs  of  doing  the  research  reasonable.     The 
agency  makes  one  of  several  choices:    (1)  It 
approves  the  proposal  as  received;  (2)  sug- 
gests modifications  or  revisions  to  make  it 
acceptable;  (3)  suggests  a  counterproposal; 
or  (4)  rejects  the  proposal  as  being  unsuit- 
able. 

The  Department  has  received,  as  of 
December  31,   1964,  a  total  of  2,362  research 
proposals  that  have  been  reviewed  by  appro- 
priate agencies  in  the  Department, 

When  the  Washington  office  receives  the 
agency  comments,  the  institution  making  the 
proposal  is  notified  of  the  action.    If  the  pro- 
posal is  accepted,  arrangements  are  made  to 
negotiate  the  grant  at  the  proposing  institu- 
tion.   Negotiation  involves  a  final  review  of 
the  institution  and  its  facilities;  an  evaluation 
of  the  apparent  capabilities  of  the  person  who 
is  to  be  the  principal  investigator;  and  any 
last- minute  changes  in  the  project  plans  that 
are  deemed  necessary.    Negotiation  also  in- 
volves a  final  agreement  on  the  costs  of  do- 
ing the  research.    Reports  of  each  negotiation 
are  prepared  by  the  technical  and  fiscal  nego- 
tiators and  forwarded  to  Washington  for  a 
final  review.    When  approved  by  the  proper 
research  agency,  a  grant  letter  is  issued  to 
the  institution  doing  the  research  and  the 
grant  becomes  effective  upon  the  date  when 
the  grantee  institution  signs  the  grant  letter. 

Grants  have  been  executed  in  29  countries 
in  Europe,  Asia,  and  South  America.    In 
order  to  handle  the  details  of  negotiations 
and  to  administratively  supervise  the  opera- 
tion of  grants,  a  European  Regional  Office 
was  established  in  Rome,  Italy,  where  Mr. 
W.   F.   Talburt  is  the  Director,  and  a  Far 
Eastern  Regional  Office  in  New  Delhi,  India, 
where  A,  D,  Ayers  is  the  Director.    Admin- 
istration of  grants  in  South  America  is  done 
by  the  Washington  office. 

When  a  signed  grant  letter  is  received 
in  either  Rome,  New  Delhi,  or  Washington, 
steps  are  taken  at  once  to  authorize  the  Dis- 
bursing Officer  in  the  American  Embassy  in 
the  country  concerned  to  make  the  first  pay- 
ment to  the  grantee  institution.     The  first 
payment  includes  the  recurring  expenses  for 
a  period  of  about  eight  months,  plus  the 
agreed  upon  costs  of  nonrecurring  items. 
At  the  end  of  six  months  we  require  both  a 


technical  and  fiscal  report  from  the  grantee. 
The  fiscal  report  includes  an  estimate  of 
operational  costs  for  the  next  six  months. 
When  these  reports  are  approved,  another 
payment  is  authorized. 

The  life  of  a  grant  can  be  no  more  than 
five  years.    In  addition  to  the  reports  men- 
tioned above,  the  grantee  institution  agrees 
to  furnish  copies  of  any  reprints  or  publica- 
tions; to  prepare  a  final  report  and  a  final 
accounting  of  funds.    One  additional  item  re- 
quired is  assistance  in  preparing  information 
for  a  U.  S.  patent  on  any  patentable  ideas 
developed. 

Since  the  foreign  agricultural  research 
program  was  initiated  there  have  been  a  total 
of  623  grants  approved.    Of  these,   63  have 
been  terminated  and,  as  of  December  31, 
1964,  there  were  560  active  grants.     The 
grants  cover  the  following  subject  matters: 
250  are  in  the  area  of  responsibility  of  Farm 
Research;  167  in  Utilization  Research  and 
Development;  82  in  Forest  Research;  34  in 
Market  Quality;  14  in  Human  Nutrition;  and 
13  in  Economic  Research. 

Since  this  conference  is  concerned  with 
advances  in  food  processing,  it  should  be 
pointed  out  that  the  P,   L.  480  research  pro- 
gram under  the  sponsorship  of  Utilization 
Research  and  Development  has  been  active 
in  this  area.    Much  of  the  research  in  this 
field  is  concerned  with  the  basic  chemistry 
of  the  constituents  of  various  food  products; 
the  effect  of  processing  treatments  on  these 
constituents;  and  to  provide  further  informa- 
tion on  how  new  knowledge  can  best  be  used 
to  develop  new  or  improved  food  products. 
The  commodities  toward  which  this  aspect 
of  the  program  is  directed  are  fruits  and 
vegetables,   milk,  meat,   soybeans,   eggs, 
and  cheese. 

Other  examples  of  research  in  the  area 
of  utilization  are:    Investigations  of  the  setting 
reactions  for  cotton  fabrics  and  garments 
(Sweden);  isolation,  characterization,  and 
quantitative  determination  of  the  sterols  in 
soybeans  (Japan);  investigation  of  the  chemic- 
al changes  occurring  at  the  surface  of  the  fat 
globules  in  stored  foam-dried  milk  (West 
Germany);  study  of  the  antioxidant  compon- 
ents of  wood  smoke  used  in  meat  curing,  and 
the  effects  of  methods  of  generation  on  the 
quantity  and  activity  of  the  antioxidant  com- 
ponents of  the  smoke  (Poland);  measurement 
of  viscoelastic  properties  of  wheat  flour 
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doughs  (Australia);  preparation,  characteri- 
zation, and  evaluation  of  derivatives  of  gos- 
sypol  from  cottonseed  for  use  as  biologically 
active  materials  (Uruguay). 

Examples  of  research  in  the  area  of 
Market  Quality  are:    Studies  on  residues  of 
insecticides  and  fungicides  applied  to  differ- 
ent plant  products  after  harvest,  the  stability 
of  the  residues  during  marketing,   storage, 
food  preparation  and  preservation,  and  the 
effects  of  pesticides  on  food  quality  (Finland); 
studies  on  the  constituents  of  rice  influencing 
quality,  and  development  of  objective  methods 
for  measuring  market  quality  of  raw  and  pre- 
cooked rice  (Spain);  isolation  and  structure  of 
germination  inhibitors  in  seeds  (Israel);  de- 
veloping an  instrument  for  homogenizing  and 
orienting  fibers  in  samples  for  cotton  testing 
(France). 

The  majority  of  the  research  grants  sup- 
ported with  104(k)  funds  are  in  farm  and 
forestry  research.     Much  of  this  research  is 
in  areas  that  offer  environmental  conditions 
that  cannot  be  easily  duplicated  in  the  United 
States.     For  example,  special  attention  has 
been  given  to  discovering  and  evaluating 
parasites,  predators,  or  pathogens  of  des- 
tructive insects  present  in  the  United  States. 
Similar  studies  are  underway  on  noxious 
weeds  present  in  the  United  States.    A  few 
projects  deal  with  animal  diseases  and  para- 
sites not  now  present  in  the  United  States 
but  which  could  be  introduced  accidentally. 
Studies  are  also  made  of  some  plant  diseases 
in  their  native  habitat.     There  are  a  number 
of  projects  designed  to  find  new  plant  materi- 
als that  might  profitably  be  introduced  into 
the  United  States  or  could  serve  as  sources 
of  new  germ  plasm  for  improving  presently 
grown  crops  of  the  United  States,    Other 
areas  covered  by  the  104(k)  program  are 
in  a  miscellaneous  group  dealing  with  the 
physiology  and  nutrition  of  plants  and  animals, 
agricultural  engineering,   soil  and  water  re- 
search, agricultural  economics,  etc. 

Specific  examples  of  research  in  the 
area  of  Farm  Research  are:    Finding  strains 
of  oats  resistant  to  oat-stem  rust  (Colombia); 
inducing  sterility  in  males  of  the  Mediterran- 
ean fruit  fly  as  a  means  of  controlling  this 
pest  (Egypt);  parasites  and  predators  of 
sugarcane  borer  (India);  developing  a  rapid 
and  accurate  diagnostic  test  for  African 


swine  fever  (Spain);  and  the  relationship  of 
the  secretion  of  anterior  pituitary  hormones 
to  ovulation  in  small  ruminants  (Poland). 

Forestry  Research  work  is  underway  on 
disease  and  insect  susceptibility  and  species 
adaptability  of  some  North  American  pine 
species  (Brazil);  the  role  of  photoperiod  in 
the  rooting  and  growth  induction  of  short 
shoots  of  pine  (Chile);  and  the  role  of  mycor- 
rhizae  in  tree  nutrition  and  growth  (Finland), 

Following  are  just  a  few  examples  of  the 
results  obtained  to  date: 


In  the  area  of  biological  control  the 
United  States  has  received  numerous  ship- 
ments of  parasites  of  sugarcane  borers,  of 
balsam  wooly  aphids,  of  gypsy  moths,  and 
even  of  fire  ants.     These  are  being  tested 
for  adaptability  and  effectiveness  against  the 
insects  they  were  imported  to  control. 

The  work  in  Spain  on  the  diagnostic  test 
for  African  swine  fever  is  most  promising. 
While  presently  not  100  percent  effective,  it 
is  well  on  its  way  to  being  completely  success- 
ful. 

Two  grants  in  England  on  scrapie  disease 
of  sheep  are  making  outstanding  progress. 
For  the  first  time,  the  virus  causing  the  dis- 
ease has  been  transferred  to  mice.     This 
should  make  it  possible  to  speed  up  the  pro- 
gress on  this,  one  of  the  most  difficult 
diseases  of  animals. 


Another  grant  in  England  has  isolated 
an  antioxidant  of  oats  which  has  been  charac- 
terized and  offers  a  real  potential  for  use  as 
a  natural  antioxidant. 

Since  the  beginning  of  the  program  ap- 
proximately 50  million  dollars  equivalent 
has  been  made  available  for  the  P,   L,   480 
research  program  abroad.    As  an  indication 
of  research  progress  under  these  grants, 
we  have  received  copies  of  more  than  400 
published  articles,    most  of  them  in 
English,     The  program  has  had  other 
beneficial  effects  that  cannot  be  evaluated 
in  dollars.     It  has  been  a  most  interesting 
program. 
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THE  DEVELOPING  NATIONS  AND  THEIR  SPECIAL  NEEDS  FOR  PROCESSED  FOODS 


by 

M.  Milner 

United  Nations  Children's  Fund  (UNICEF) 

United  Nations,  New  York 


As  a  representative  of  UNICEF,  the 
U.  N.  agency  which  has  the  responsibility 
for  assisting  governments  of  developing 
countries  to  improve  the  health  and  general 
welfare  of  infants  and  children,  including 
their  nutritional  status,  I  am  delighted  that 
our  friends  at  the  Southern  Regional  Re- 
search Laboratory  have  provided  this  oppor- 
tunity for  me  to  speak  to  you  on  the  special 
needs  for  processed  foods  in  developing 
countries.     First  may  I  tell  you  that  in  the 
area  of  food  technology  relating  to  such 
needs,  a  highly  productive  and  I  believe 
mutually  advantageous  collaboration  has 
developed  during  the  past  six  years  between 
UNICEF  and  various  laboratories  of  the  Agri- 
cultural Research  Service.    UNICEF  wel- 
comes this  opportunity  to  inform  you  of  some 
useful  consequences  which  have  come  about 
from  this  collaboration,  and  we  would  hope 
that  from  this  meeting  there  will  develop 
analogous  contacts  between  the  United  Nations 
agencies  and  the  scientists  and  technologists 
of  the  U.  S.   Land  Grant  institutions. 

The  sobering  implications  of  rapid  world 
population  growth  to  food  requirements,  par- 
ticularly in  developing  countries  whose  con- 
ventional food  production  is  already  strained, 
needs  no  emphasis  in  this  group.    It  is  clear 
that  traditional  agriculture  as  practised  in 
many  of  these  countries  is  not  only  failing  to 
meet  rapidly  increasing  food  needs,  but  also 
the  potential  for  growth  of  these  agricultures 
may  have  been  overestimated.     To  meet  im- 
mediately foreseeable  needs  these  agricul- 
tures must  be  upgraded  at  previously  un- 
attained  rates.     There  must  also  be  achieved 
in  the  reasonable  future  some  measure  of 
stabilization  of  population  growth. 

There  is  a  growing  belief  also,  that  even 
optimum  agricultural  productivity  and  effici- 
ency may  be  unable  alone  to  solve  the  food 
problem,  and  that  new,  nonagricultural  ap- 
proaches to  food  production,  based  on  as  yet 
untested  technology,  will  need  to  be  called 
upon.    It  is  in  this  special  area  that  I  wish 
to  confine  my  comments  today.    I  am  pleased 
to  see  that  other  participants  in  this  program 
including  Dr.  McPherson,  Mr.   Thulin,  and 


Mr.  Griffin  will  also  address  themselves  to 
other  aspects  of  food  production  or  process- 
ing by  nonagricultural  methods, 

A  qualitative  study  of  the  world's  food 
needs  indicates  to  many  authorities  that  the 
most  urgent  problem,  beyond  that  of  total 
dietary  calories,  is  the  shortage  of  protein. 
It  is  also  clear  that  the  total  calorific  value 
of  available  food  per  capita  on  a  world  basis 
has  increased  to  some  extent  since  World 
War  n  at  a  rate  slightly  exceeding  that  of 
population  growth,  although  very  recently 
this  trend  has  been  reversed.    We  may  even 
expect  in  the  short-term  future  that  food  sur- 
pluses such  as  sugar  and  wheat  may  actually 
increase.     The  fact  remains,  nevertheless, 
that  the  most  serious  single  dietary  defici- 
ency is  that  of  protein  and  this  deficiency  is 
increasing.    A  corollary  point  is  that  a 
country  whose  agriculture  is  already  strained 
to  its  limits  in  the  production  of  cereals  or 
even  of  other  staples  such  as  starchy  roots 
and  fruits,  can  never  hope  to  solve  its  pro- 
tein needs  via  the  animal  route,  when  human 
and  livestock  must  compete  for  the  same 
limited  food  supply. 

That  protein  scarcity  will  seriously  re- 
tard the  growth  of  economic,  public  health, 
and  social  welfare  in  countries  where  it  is 
severe,  is  evident  when  it  is  recalled  that  it 
is  the  root  cause  for  the  high  death  rates  and 
probably  also  the  impaired  physical  and 
mental  development  of  infants  and  young 
children  in  countries  where  ideal  weaning 
foods  such  as  milk  are  virtually  unavailable. 
I  suspect  that  to  some  of  you  the  image  of 
UNICEF  is  that  of  a  "milk"  organization  and 
it  is  indeed  true  that  in  the  past  18  years  the 
bulk  of  our  resources  and  energies  on  the 
nutrition  side  have  been  devoted  to  distribu- 
tion of  dry  milk  to  meet  emergency  situa- 
tions, and  also  to  assist  countries  establish 
modern  milk  processing  plants  to  provide 
such  products  for  the  needs  of  children  of 
lower  income  urban  families  in  more  than 
30  countries.    Nevertheless,  our  "moment 
of  truth"  is  already  upon  us  since  several 
countries  where  milk  conservation  programs 
assisted  by  UNICEF  and  other  agencies  have 
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been  going  forward,  the  economic  limits  of 
milk  processing  are  being  reached  in  terms 
of  low-cost  raw  milk  supplies.     Several 
countries,  particularly  those  in  intensely 
tropical  environments,   may  never  develop 
milk  production  to  the  point  where  invest- 
ment in  pasteurizing  and  bottling  plants  for 
urban  distribution  will  be  feasible.     Yet  at 
precisely  this  moment  the  need  for  dietary 
protein  to  meet  the  critical  needs  of  wean- 
lings and  toddlers  has  become  more  urgent 
than  ever. 

It  is  for  these  reasons  that  one  of  the 
major  nonconventional  areas  of  food  resources 
being  explored  in  developing  countries  is  the 
processing  and  upgrading  into  human  food  of 
available  protein  materials  that  have  hereto- 
fore been  used  largely  for  fertilizer  pur- 
poses, or  at  best  for  animal  feeding.    In  the 
limited  time  available  to  me  today  may  I  cite 
just  one  example  of  this  new  challenge. 

India  is  the  world's  largest  producer  of 
peanuts--some  5  million  tons  annually.   This 
crop  is  the  mainstay  of  the  national  edible  oil 
supply  such  as  it  is.     Crushing  of  oilseeds  is 
done  by  obsolescent  technology  with  the  con- 
sequence that  not  only  is  a  significant  part  of 
the  oil  available  in  the  nuts  not  recovered  for 
food,  but  at  the  same  time  the  incompletely 
deoiled  byproduct  presscake  is  of  very  low 
quality.     Perhaps  as  much  as  20  percent  of 
this  material  may  be  fed  to  livestock  or  ex- 
ported for  hard  currency,  but  by  far  the 
major  part,  residual  oil  and  all,  is  used  as 
manure.     Thus,  as  much  as  2-1/2  million 
tons  of  a  potentially  valuable  protein  (not  to 
mention  nutritious  vegetable  oil)  is  lost  as 
food  to  an  underfed,  protein-deficient  popu- 
lation--and  a  largely  vegetarian  population  at 
that.    A  simple  nutritional  calculation  indi- 
cates that  if  only  5  percent  of  a  sanitary  edi- 
ble peanut  flour  were  added  to  Indian  atta 
(wheat  flour),  the  diet  of  low  income  chepa- 
thi-eating  peoples  could  be  increased  by  at 
least  20  percent.     Incidentally,  the  ration- 
ale for  such  supplementation  has  been  worked 
out,  including  the  increase  in  palatabilityand 
acceptability  of  the  end  product.     Further- 
more, UNICEF  has  actually  supplied  two 
small  plants  to  initiate  such  a  program.    I 
regret  to  tell  you,  however,  that  progress 
has  been  slow  in  putting  this  proposal  into 
practice. 

Recognition  based  on  extensive  recent 
nutritional  and  pediatric  research,  that  such 
unconventional  protein  resources  might  have 


nutritive  value  even  for  infants,  has  now 
focused  attention  on  the  question:    does  tech- 
nology necessary  to  produce  food-grade 
products  exist,  which  can  be  adapted  to  the 
conditions  and  needs  of  developing  countries? 
Until  recently  the  processing  as  human  foods 
of  products  such  as  peanut  and  cottonseed 
meals,  and  also  fish  meal,  have  received 
virtually  no  attention.     Their  nutritive  quality, 
not  to  mention  sanitary  character,   even  when 
produced  only  as  animal  feeds,  frequently 
leaves  much  to  be  desired.    Taking  cottonseed 
processing  as  an  example,  it  has  become  evi- 
dent that  traditional  methods  to  recover  the 
oil  are  usually  less  than  ideal  for  providing 
the  protein  byproduct  as  an  edible,  sanitary, 
and  nutritious  food.    In  the  case  of  soybeans, 
traditional  empirical  methods  for  food  pro- 
cessing are  practised  throughout  southeast 
Asia.     Thus,  fermented  soybeans  such  as 
tempeh,  and  soybean  curds  in  fresh  and 
fermented  forms  are  excellent  foods  quite 
analogous  to  our  own  fresh  dairy  products. 
Nevertheless,  for  the  purposes  I  have  out- 
lined, there  exists  great  need  for  dry  stable 
products  for  which  processes  of  adequate 
scale  did  not  appear  to  be  available  until  only 
very  recently.    As  a  matter  of  fact,  just 
within  the  past  few  years  has  there  occurred 
some  measure  of  agreement  among  pediatri- 
cians acquainted  with  infant  feeding  prob- 
lems in  various  countries  and  cultures,  that 
safe  weaning  foods  might  indeed  be  produced 
from  soybeans.    In  this  regard  it  is  signifi- 
cant to  recall  that  even  soy  milks,  as  pro- 
cessed by  home  or  traditional  village  methods, 
have  not  been  used  to  any  significant  extent 
for  supplementary  feeding  and  weaning  of 
young  infants  even  in  China  and  Japan. 

A  point  I  wish  to  emphasize  is  that  while 
there  have  existed  useful  technological  paral- 
lels for  this  effort  in  processes  used  to  manu- 
facture livestock  feeds,  there  has  been  little 
directly  useful  food  processing  experience  or 
pertinent  food  science  to  draw  upon.    It  is 
not  surprising  that  such  technology  is  lacking 
even  in  the  economically  advanced  societies, 
simply  because  they  have  not  needed  it,  be- 
ing adequately  supplied  with  the  traditional 
animal  proteins.     The  time  has  surely  come 
for  a  broad  scientific  and  technological  effort 
to  develop  the  necessary  food  science  and  pro- 
cessing skills  upon  which  the  rational  utiliza- 
tion of  oilseed  and  fish  meal  proteins  as  foods 
can  be  realized.    In  this  context  it  should  be 
emphasized  that  in  the  United  States  and  other 
well-fed  countries,  little  concern  has  existed 
for  the  effects  of  food  processing  on  the  nutri- 
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tional  value  of  even  those  cereal  and  vege- 
table proteins  which  are  widely  used  in  our 
diets.    I  need  refer  you  only  to  a  single  ex- 
ample--that  of  the  tremendous  use  of  highly 
heat-treated  breakfast  foods  whose  major 
nutritional  virtue  on  the  protein  side,  is  that 
they  are  a  vehicle  for  getting  milk  into 
children!    While  this  country  is  fortunate 
enough  to  be  able  to  disregard  the  effect  of 
processing  on  the  protein  quality  of  its  food 
supply,  this  is  decidedly  not  the  case  in  de- 
veloping countries  whose  best  protein  re- 
sources may  be  the  cereals,  the  legumes, 
and  similar  plant  materials. 

But,  you  may  ask,  why  do  I  emphasize 
a  need  for  processed  foods  in  poor,  underde- 
veloped countries?  Why  stress  industrial 
processes  which  would  apparently  increase 
food  costs  at  a  time  when  many  people  of  a 
developing  covmtry  hardly  participate  at  all 
in  a  money  economy? 

The  answer  to  the  first  question  is  in- 
herent in  what  I  have  already  said,  namely 
that  raw  materials  such  as  cottonseed  with 
its  toxic  constituents  including  gossypol  and 
malvalic  acid,  soybean  with  its  variety  of 
toxic  antibiological  factors,  and  peanut  which 
is  susceptible  to  fungal  toxicity,  all  need 
more  specialized  industrial-type  processing 
to  render  them  useful  as  human  food,  than 
the  comparable  requirements  of  traditional 
proteins  such  as  milk,  meat,  and  eggs,  from 
which  virtually  all  deleterious  factors  have 
been  effectively  filtered  out  for  us  by  passage 
through  an  animal.    Industrial- scale  process- 
ing must  therefore  perform  with  these  plant 
proteins  what  the  animal  performs,  but  of 
course  at  a  much  smaller  loss  in  useful 
nutrients. 

As  for  the  economic  justification  for  pro- 
cessed foods,  it  now  appears  that  the  most 
serious  problem  of  developing  countries  is 
less  related  to  the  needs  of  the  rural  or  sub- 
sistence population,  which  survives  as  best 
it  can  on  largely  what  it  produces  by  itself, 
than  it  is  to  the  needs  of  the  trememdously 
increasing  number  of  urbanized  low -income 
people  who  are  flocking  to  the  cities  and 
towns  throughout  continents  such  as  South 
America  and  Africa,     These  people,   earning 
their  livelihood  as  workers  in  industry  or 
trade,   must  purchase  whatever  food  they  eat, 
and  the  new  challenge  then  is  to  supply  their 
needs  for  sanitary,  economically  packaged, 
nutritious  products  through  regular  trade 
channels,  hopefully  at  a  price  which  they  can 


afford  to  pay.     The  challenge  then  is  to  de- 
velop technology- -and  the  kind  of  food  science 
necessary  to  support  it--that  will  accomplish 
such  processing  in  the  most  economical  ways, 
consistent  with  the  best  sanitary  and  nutrition- 
al practices,  and  on  a  scale  adapted  to  the 
needs  of  developing  coimtries.    In  planning 
for  such  technological  needs  it  must  be  kept 
in  mind  that  in  such  areas  labor  is  usually 
abundant  and  capital  is  invariably  scarce. 
Clearly  therefore,  U.  S.  industrial  processes, 
developed  generally  with  precisely  the  oppo- 
site considerations  in  mind,  usually  have 
little  relevance,  without  considerable  modifi- 
cation or  adaptation,  to  the  needs  of  a  develop- 
ing country.    In  spite  of  a  preoccupation  with 
more  grandiose  aspects  of  economic  develop- 
ment, a  few  scientists  and  technologists  in 
developing  countries  are  beginning  to  appre- 
ciate this  point  and  to  lay  their  plans  accord- 
ingly.   UNICEF  and  other  agencies  are  sup- 
porting such  effort,  but  its  scope  is  pitifully 
inadequate  in  terms  of  the  need. 

These  then  are  some  of  the  broad  consid- 
erations of  the  WHO/FAO/UNICEF  Protein- 
Rich  Foods  program  as  it  has  been  called, 
and  the  ways  in  which  it  attempts  to  assist 
Governments  in  developing  and  marketing 
processed  low-cost  foods  meeting  the  nutri- 
tional and  economic  needs  of  low-income  con- 
sumers.   I  am  happy  to  say  that  progress  is 
beginning  to  appear  in  this  difficult  work.   For 
example,  the  Quaker  Oats  Company  in  Colom- 
bia after  only  a  little  more  than  one  year  of 
introduction,  is  already  marketing  200  tons 
per  month  of  Incaparina,  which  is  a  low-cost 
mixture  of  corn,   soy,  and  cottonseed  flours. 
The  Nestle'  Company  in  Brazil  is  marketing 
a  similar  product  called  Fortifex.    Other 
companies  are  preparing  to  enter  this  field 
in  several  countries.     The  international 
agencies  are  helping  by  various  means  to 
introduce  these  new  foods  and  to  encourage 
their  manufacture  and  marketing.    We  are 
exploring  in  collaboration  with  other  agencies 
various  small-scale  technologies  for  produc- 
ing fully  heat-processed  food  mixtures  of 
various  types. 

I  should  like  to  close  by  complimenting 
our  friends  in  the  Agricultural  Research  Serv- 
ice of  USDA  on  the  remarkable  way  they  have 
accepted  the  challenge  posed  by  these  prob- 
lems and  in  moving  ahead  to  allot  resources 
and  manpower  to  their  solution.    In  the  area 
of  new  methods  for  processing  soybean  as 
food,  excellent  progress  has  already  been 
made  at  the  Northern  Regional  Research 
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Laboratory,  as  Mr.  Griffin  will  report.  UNICEF 
is  pleased  that  we  have  been  able  to  collaborate 
with  this  excellent  work.   To  the  Southern  Re- 
gional group  must  go  major  credit  in  resolving 
problems  in  processing  and  quality  control  of 
peanut  and  cottonseed  protein  concentrates. 
UNICEF  has  also  had  the  privilege  of  participa- 
tion with  this  group.  We  are  pleased  to  know 
that  the  new  Human  Nutrition  Division  of  the 


Agricultural  Research  Service  in  Beltsville  has 
already  achieved  progress  in  studyinguseful 
recipes  andformulationsusing  some  of  these 
new  foods.  Ilookforwardtodiscussingperson- 
ally  with  some  of  you  the  major  challenges  in 
sciences  and  technology  which  have  yet  to  be 
met  in  this  field,  as  well  as  in  the  even  larger 
area  of  food  production  by  nonconventional  and 
even,  if  you  please,  nonagricultural  methods. 


FOOD  POISONING 
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Modern  food  processing  is  a  highly  com- 
petitive business.     Supermarkets  carry,  in 
addition  to  staples,  foods  preserved  in  many 
different  ways,  i.  e.  ,  by  canning,  freezing, 
freeze-drying,  and  dehydration.     There  are 
approximately  8,  000  items  available  in  to- 
day's supermarkets  (9).    In  order  to  be  able 
to  add  new  products,  "room  must  be  made  on 
the  shelves  by  replacing  less  acceptable  com- 
modities.    For  a  food  industry  to  grow,  it  is 
necessary  to  introduce  new  products  which 
have  a  general  public  appeal  and  which  re- 
quire little  preparation  in  the  home.     They 
are  frequently  referred  to  as  "convenience 
foods. " 

In  developing  new  convenience  foods  for 
the  market,  the  processor  must  guard  against 
introducing  health  hazards.     There  are  many 
microbial  agents  that  may  cause  food-borne 
illness.    Dr.  Senti  has  already  discussed  the 
problem  of  mold  toxins.    Bacteria  of  public 
health  importance  include  six  types  of  Clos- 
tridium botulinum,  four  or  more  types~oI 
enterotoxigenic  staphylococci,  the  800  or 
more  serotypes  of  Salmonella,  and  the  vibri- 
os.   Also  included  are  widely  different  micro- 
organisms, such  as  Clostridium  perfringens, 
enterococci,  Bacillus  cereus,  and  others. 

Many  outbreaks  have  been  reported  where 
the  causative  agent  was  thought  to  have  been 
found,  but  could  never  be  established.  Viral 
agents  account  for  some  of  these.    A  study  of 
viral  diseases  has  indicated  that  many  differ- 
ent viruses  may  be  associated  with  food- 
borne  illness;  some  of  them  giving  rise  to 
gastrointestinal  symptoms  that  may  be  con- 
fused with  symptoms  being  caused  by  bac- 
terial agents. 


There  are  no  accurate  records  as  to  the 
number  of  food-borne  illnesses  occurring  in 
the  United  States.     This  is  due  to  the  fact 
that  such  illnesses  are  not  reported  by  phy- 
sicians unless  large  groups  of  individuals  are 
affected  simultaneously. 

Botulism.     There  are  six  types  of  toxin - 
producing  Clostridium  botulinum.     Types  A 
and  B  have  their  habitat  in  the  soil,  and  the 
strains  from  the  United  States  are  putre- 
factive.    The  spores  are  very  heat  resistant 
and  persist  and  grow  in  foods  inadequately 
heat  processed  liberating  toxin.     Types  A 
and  B  C.  botulinum  in  the  United  States  are 
involved  most  commonly  in  outbreaks  of  food 
poisoning  in  man.    Only  rarely  have  Types  C 
and  D  been  involved  in  human  outbreaks. 

In  1963,   Type  E  was  the  cause  of  three 
commercial  outbreaks  of  food  poisoning  in  the 
United  States,     This  organism  produces 
spores  which  are  not  as  heat  resistant  as 
those  of  Types  A  and  B;    it  is  nonproteolytic 
and  grows  at  refrigeration  temperatures  (21), 
The  author  has  not  been  able  to  obtain  growlh 
of  Types  A  and  B  organisms  at  50  °F, 

One  of  the  three  above-mentioned  out- 
breaks was  attributed  to  canned  tuna  fish 
where  contamination  occurred,  after  retort- 
ing, as  a  result  of  defective  sealing  of  the 
cans.     There  were  three  cases  with  two 
deaths  (7),     Two  cases  and  two  deaths  oc- 
curred m  a  second  outbreak  due  to  smoked 
whitefish,  and  a  third  outbreak  of  17  cases 
and  five  deaths  was  attributed  to  smoked 
whitefish  chubs  which  had  been  vacuum 
packaged  (18), 
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Only  one  outbreak,  which  occurred  in 
Denmark  in  1958,  was  caused  by  Type  F, 
the  vehicle  being  home-canned  liver  paste 
(6). 

Clostridium  botulinum  will  grow  on  plant 
or  animal  tissue  without  vacuum  packaging  of 
the  product.    Vacuum  packaging,  however, 
would  prevent  spoilage  of  the  product  from 
molds  which  do  not  grow  in  the  absence  of 
oxygen,  and  extend  the  storage  life  of  the 
product.     Since  C.  botulinum  Type  E  is  non- 
protelolytic,  its~growth  in  a  food  may  not  be 
detected. 

Vacuum  packaging.     Frozen  vegetables 
are  sometimes  combined  with  other  vege- 
tables and  a  sauce  and  may  be  put  into  plastic 
packages  which  are  immersed  in  boiling 
water  in  preparation  for  serving.    Does  a 
botulism  hazard  exist  in  such  packages  of 
vegetables  in  sauce  that  are  prepared  for 
serving  but  not  used  and  allowed  to  stand  at 
room  temperature?    The  industry  is  aware 
of  this  problem,  and  specific  directions,  in- 
dicating proper  handling  of  this  type  of  pack- 
age,  should  be  clearly  written  on  the  package 
in  order  to  prevent  a  health  hazard. 

Two  cases  of  botulism  were  reported 
from  eating  frozen  chicken  pot  pies  (16).    In 
this  outbreak,  four  commercially  frozen 
chicken  pot  pies  were  placed  in  an  oven  and 
baked  for  the  recommended  time  and  at  an 
adequate  temperature.     Subsequently,  two  of 
the  four  pies  were  consumed  causing  no  ill 
effects  but  two  were  left  in  the  oven,  with  a 
pilot  light  burning,  until  the  following  day 
when  they  were  transported  to  another  house 
and  placed  there  in  a  refrigerator  for  four 
hours.     They  were  then  heated  in  an  oven  for 
about  15  to  20  minutes  and  tasted  by  the  two 
patients.     Because  the  pies  had  a  metallic 
taste,  only  a  spoonful  was  eaten  by  each. 
Symptoms  of  botulism  developed  in  both  in- 
dividuals after  48  hours.    Both  were  treated 
with  botulinum  antitoxin  and  recovered.   The 
type  of  toxin  was  not  determined  in  this  out- 
break since  none  of  the  food  was  available. 
Spores  of  Clostridium  botulinum  may  have 
been  present  in  the  peas,  carrots  and/or  the 
flour  in  the  crust.     Baking  of  the  pies  did 
not  provide  sufficient  temperature  to  kill 
botulinum  spores,  but  did  destroy  heat-sus- 
ceptible,  competitive  micro-organisms 
leaving  the  spores  of  heat-resistant  organ- 
isms,  including  C.   botulinum,  to  grow. 
Toxin  should  be  Tound  in  the  product  accom- 
panying the  growth  of  C.  botulinum. 


Botulinum  spores  naturally  present  in  soil 
form  part  of  the  microbial  flora  contaminat- 
ing vegetables,  such  as  carrots  and  peas, 
and  these  spores  survive  blanching  prior  to 
freezing. 

An  outbreak  of  botulism  due  to  Clostridi- 
um botulinum.   Type  A,  involving  seven  per- 
sons,  was  associated  with  the  consumption 
of  home-made  dill  pickles  by  a  group  of  teen- 
agers eating  at  a  restaurant  at  Herndon, 
Kansas,  in  November  1964  (19).     Five  of  the 
seven  cases  were  hospitalized",  and  one  died. 
This  is  the  third  outbreak  of  botulism  in  the 
United  States  that  was  attributed  to  pickles; 
one  occurred  in  the  State  of  Washington  in 
1925  and  the  other  in  California  in  1942.    In 
both  of  these  instances,  home-canned  dill 
pickles  contaminated  with  Type  A  botulinum 
toxin  was  responsible  for  the  illness^ 

Staphylococcus.     Staphylococcus  food 
poisoning  is  caused  by  the  enterotoxins  pro- 
duced by  certain  strains  of  staphylococcus. 
There  are  at  least  four  antigenically  differ- 
ent enterotoxins  associated  with  food  poison- 
ing outbreaks.     Staphylococci  may  be  inhibit- 
ed in  some  convenience  foods,   such  as  frozen 
pot  pies,  by  the  natural  flora  in  these  prod- 
ucts which  may  overgrow  them  (5).     The 
staphylococcus  enterotoxins  are  "heat  resist- 
ant as  they  are  produced  in  foods  in  contrast 
to  chemically  purified  enterotoxins  that  are 
less  heat  resistant. 

Sixteen  outbreaks  of  staphylococcus  food 
poisoning  were  associated  with  canned  peas 
in  England  (14).    In  addition  to  the  outbreaks 
caused  by  canned  peas,  there  were  a  number 
of  canned  meat  outbreaks  in  England,  prin- 
cipally caused  by  corned  beef  processed  in 
Africa  (15).     Contamination  of  these  products 
must  have  occurred  after  heat  processing  in 
cans  with  defective  seals. 

Salmonella.     Salmonella  outbreaks  have 
principally  been  concerned  with  contaminated 
animal  products,   such  as  poultry,   eggs, 
pork,  beef,  and  mutton;  but,  they  have  also 
been  caused  by  contamination  of  foods  of  non- 
animal  origin. 

A  few  outbreaks  of  salmonellosis  have 
been  attributed  to  canned  foods.    An  outbreak 
of  typhoid  fever  in  England  was  associated 
with  a  six-pound  can  of  ox  tongue  (3).   More 
recently,  an  outbreak  of  typhoid  fever  was 
reported  in  Aberdeen,  Scotland,  involving 
240  cases  and  was  thought,  although  not 
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definitely  proved,  to  be  due  to  contaminated 
canned  corned  beef  (24).     Contaminated  cool- 
ing water  was  used  iiTthe  vats  for  cooling 
these  cans  after  retorting,  and  in  each  in- 
stance a  can  with  a  leaky  gasket  must  have 
taken  in  a  typhoid  bacillus.     Large  leaks 
would  admit  micro-organisms  which  would 
cause  spoilage  and  "swells,  "  and  cans  of 
meat  so  affected  would  be  discarded.     How- 
ever, the  typhoid  bacillus  would  pass  un- 
recognized, would  produce  no  "off  color"  or 
taste,  nor  would  it  produce  gas  when  grow- 
ing in  the  product.     The  likelihood  of  a 
single  Salmonella  organism  entering  a  tiny 
leak  in  the  gasket  of  a  can  is  extremely  re- 
mote, but  it  does  occur. 

Dried  foods  have  been  frequently  involved 
in  outbreaks  of  disease.     Cake  mixes  are 
alleged  to  have  been  the  source  of  Salmonella 
cases  that  occurred  in  Canada  (17,  22).    In 
such  instances,   mixes  containing  eggs  are 
principally  the  vehicle.    In  the  author's  lab- 
oratory, in  1960,  dried  egg  white  in  six  cake 
mixes  picked  up  from  the  open  market  were 
found  to  contain  Salmonella.     The  egg  white 
in  one  mix  contained  15,  000  S.   montevideo 
per  gram.     Since  the  egg  albumen  in  a  cake 
mix  is  diluted  1:3,  this  would  represent  a 
45,  000  per  gram  count  of  the  undiluted  albu- 
men powder.    As  a  result  of  the  salmonello- 
sis outbreaks  in  Canada,  which  were  attribut- 
ed to  cake  mixes,  the  industry  now  purchases 
egg  products  on  bacteriological  standards  de- 
signed to  control  salmonellosis. 

With  modern  bakery  practices  shell  eggs 
are  not  used  by  the  baker.     The  use  of  frozen 
whole  egg,   egg  white,  and  dried  egg  albumen 
has  replaced  that  of  shell  eggs;  methods  of 
pasteurizing  whole  egg  and  treatment  of  albu- 
men to  free  it  of  living  Salmonella  have  been 
developed  (12). 

Coconut  imported  into  the  United  States 
and  into  other  countries  some  years  ago  was 
found  to  be  contaminated  with  Salmonella. 
Prior  to  1960,  S.  waycross  had  not  been  en- 
countered  in  GeTmany  until  it  was  discovered 
in  imported  coconut  (25).     Subsequently,  S. 
waycross  was  isolated~from  the  blood  stream 
of  two  patients  who  had  eaten  a  cake  covered 
with  a  flour  and  sugar  frosting  containing 
coconut.     Methods  of  processing  coconut  have 
now  been  devised  to  destroy  viable  salmon- 
ellae. 

Animal  byproducts,   such  as  meat  meal, 
bone  meal,  feather  meal,  and  fish  meal, 


have  commonly  been  contaminated  with  sal- 
monellae  (J^,   1,  20).     Since  these  products 
are  combined  in  feeds  mixed  with  plant  by- 
products,  such  as  cottonseed  meal,  peanut 
meal,  and  various  cereal  products,   such 
high  protein  feeds  are  often  fed  to  young  live- 
stock (poultry,   swine,  and  cattle)  and  thus 
may  serve  as  a  source  of  salmonellosis. 
Young  animals  and  debilitated  older  ones, 
like  people,  are  much  more  susceptible  to 
infection  caused  by  Salmonella  strains. 

Vibrios.     The  Japanese  have  described 
Vibrio  parahaemolyticus  as  a  halophilic  or- 
ganism  that  grows  well  in  peptone  water  con- 
taining 3.  5  percent  salt  (23).     This  vibrio  is 
responsible  for  hundreds~oI  food  poisoning 
outbreaks  reported  in  Japan  during  the  warm 
months  of  the  year.     Most  of  the  cases  are 
associated  with  eating  raw  seafood,  although 
the  first  outbreak  was  related  to  cucumber. 
The  symptoms  of  illness  caused  by  Vibrio 
parahaemolyticus  are  almost  identical  with 
those  of  gastroenteritis  caused  by  salmon- 
ellae.    Many  outbreaks  of  gastroenteritis  in 
the  United  States,  where  the  causative  agent 
has  not  been  determined,   may  have  been 
caused  by  the  vibrios. 

Clostridium  perfringens.     Certain  strains 
of  Clostridium  perfringens  that  multiply 
rapidly  in  food  have  been  found  to  cause  gas- 
trointestinal symptoms  usually  coming  on 
from  5  to  15  hours  after  a  meal.     Most  of 
the  outbreaks  have  been  associated  with  meats 
which  had  been  insufficiently  cooked  to  des- 
troy Clostridium  perfringens  spores.     These 
organisms  grew  rapidly  on  such  meats  allow- 
ed to  stand  for  several  hours  at  a  warm 
temperature.    Adam  (2)  reports  an  outbreak 
involving  300  persons  In  Hamburg,  Germany, 
in  which  the  vehicle  was  vanilla  sauce.     The 
sauce  contained  8,  000,  000  C.  perfringens 
per  gram  and  had  been  prepared  from  a  com- 
mercial  powder.     The  liquid  base  needed  for 
its  preparation  was  brought    to  a  boil  and  the 
powder  was  then  stirred  into  it.    An  incuba- 
tion period  apparently  occurred  providing 
time  and  temperature  for  the  germination  of 
the  spores  and  growth  of  the  organism. 

Enterococci.    A  few  outbreaks  of  gastro- 
intestinal  illness  have  been  associated  with 
foods  containing  large  numbers  of  entero- 
cocci.  These  have  been  usually  associated 
with  meats,  turkey  dressings,  and  with  foods 
which  were  inadequately  refrigerated. 

Bacillus  cereus.     Bacillus  cereus  is  a 
common,  spore-forming  organism  whose 
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habitat  in  nature  is  the  soil.     Foods  contain- 
ing many  millions  of  B,  cereus  per  gram 
have  been  associated"^ith  gastrointestinal 
illness.     The  author  is  familiar  with  an  out- 
break that  occurred  in  a  hotel  where  people, 
attending  a  dinner,  developed  abdominal 
cramps  and  diarrhea  as  the  principal  symp- 
toms from  8  to  15  hours  after  the  meal.     The 
incriminated  food  was  mashed  potatoes  that 
had  been  prepared  from  a  dehydrated  product; 
Bacillus  cereus  numbered  60  million  per 
gram.     The  dried  potatoes,  from  which  the 
mashed  potatoes  were  prepared,  contained 
only  13,  000  organisms  per  gram;  obviously, 
the  dilution  of  the  dried  potatoes  with  water 
and  the  cooking  would  not  account  for  the  in- 
crease of  numbers  of  bacteria  in  the  end 
product  and  only  mis-handling,  at  incubation 
times  and  temperatures  favorable  to  bacterial 
growth,  can  explain  such  a  result. 

Viruses,     There  are  many  outbreaks  of 
gastrointestinal  disturbances  for  which  no 
chemical  or  bacterial  agents  have  been  found. 
With  the  development  of  tissue  culture 
methods  for  the  isolation  of  some  viruses,  it 
is  hoped  to  demonstrate  them  in  implicated 
foods  involved  in  food-borne  illnesses  in 
which  causative  bacterial  agents  were  not 
found. 

Frozen,  concentrated  orange  jviice,  when 
first  marketed,  was  considered  by  some 
public  health  workers  as  a  potential  carrier 
of  pathogenic  bacilli  (4),     This  was  due  to 
the  fact  that  coliformT)acilli  were  found  in 
small  numbers  in  the  product.     Since  frozen 
concentrated  orange  juice  does  not  support 
the  growth  of  enteric  bacteria  and  since  it 
has  not  been  associated  with  outbreaks  of 
shigellosis  or  salmonellosis,  it  has  been  re- 
garded as  one  of  the  safest  products  from 
the  point  of  view  of  food-borne  disease. 

The  viruses,  however,  do  not  share 
identical  properties  with  enteric  bacilli,  and 
an  outbreak  of  infectious  hepatitis  occurred 
involving  hospital  nurses;  it  was  attributed 
to  orange  juice  prepared  from  concentrated 
frozen  juice  contaminated  by  a  carrier  of  in- 
fectious hepatitis  (8).     Some  of  the  enteric 
viruses,  of  which  the  virus  of  infectious  hepa- 
titis is  an  example,  are  not  killed  at  pH  3  (13). 
The  virus  of  infectious  hepatitis  contaminat- 
ing orange  juice  will  not  multiply  in  the  prod- 
uct, and  there  is  great  need  for  more  informa- 
tion as  to  how  long  viruses  may  persist  in  an 
infectious  state  in  such  a  food  product. 
Liebhaber  et  al.  (11)  recovered  a  cytopathic 


agent  from  the  urine  of  a  patient  with  infec- 
tious hepatitis.     The  virus  was  isolated  and 
propagated  in  cultures  of  human  diploid  lung 
fibroblasts.     This  virus  was  stable  at  pH  3 
and  in  80  percent  serum  at  56°  C.  when  heated 
for  30  minutes. 

In  summarizing,  the  introduction  of  many 
convenience  foods  into  the  markets  has 
brought  with  it  public  health  problems.    Mod- 
ern methods  of  canning,  freezing,  dehydra- 
tion, and  freeze -drying  have  resulted  in 
global  distribution  of  food.     Processing 
methods  are  sometimes  developed  without 
giving  sufficient  thought  to  public  health 
hazards  that  may  occur.     These  hazards  are 
not  always  circumvented  by  the  use  of  mod- 
ern equipment  and  sanitation,    A  solution  to 
these  problems  is  attainable  but  may,  how- 
ever, involve  the  establishment  of  microbio- 
logical standards  for  the  raw  products  used 
in  convenience-food  processing  plants. 
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In  recent  years,  relationships  between 
dietary  fat  and  atherosclerosis  have  been 


widely  discussed.    However,  we  still  do  not 
know  the  amount  and  kind  of  dietary  fat  that 
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is  desirable  for  maintenance  of  good  nutrition 
and  health.     The  average  American  probably 
eats  too  much  fat;  it  furnishes  40  to  45  per- 
cent of  the  daily  intake  of  calories.    About 
one-third  of  this  fat  comes  from  dairy  prod- 
ucts, one-third  from  fats  and  oils  and  one- 
third  from  meat,  poultry  and  fish.     The  fatty 
acid  content  is  42  percent  saturated,  41  per- 
cent monounsaturated  and  17  percent  polyun- 
saturated. 

Fat  has  a  number  of  important  functions 
in  the  body.    It  is  an  essential  component  of 
all  living  tissue  and  an  integral  part  of  cell 
structure  and  function.     It  forms  our  most 
important  source  of  energy  furnishing  9 
calories  per  gram.     Furthermore,  energy 
is  stored  in  the  body  largely  as  fat.     Fat 
also  provides  the  fat  soluble  vitamins  A,  D, 
E,  and  K.    It  insulates  and  protects  the 
whole  body  and  the  organs  against  trauma. 
It  increases  the  palatability  and  satiety  value 
of  the  diet  and  enhances  the  efficiency  of 
utilization  of  carbohydrate  and  protein. 

While  fat  can  be  manufactured  from  the 
other  energy  producing  foodstuffs,  the  diet 
must  contain  certain  essential  fatty  acids 
which  the  body  cannot  manufacture,  namely, 
linoleic  and  arachidonic  acid.    It  has  been 
found  that  the  requirement  for  these  fatty 
acids  is  about  1  to  2  percent  of  calories. 
They  normally  account  for  a  large  part  of 
the  fatty  acids  of  cholesterol  esters  and 
phospholipids  found  in  blood  serum.  A  high 
intake  of  the  essential  fatty  acids  decreases 
serum  cholesterol  levels.    It  has  been  hypo- 
thesized that  these  acids  are  needed  for 
normal  cholesterol  transport.     Essential 
fatty  acids  have  been  shown  to  be  prominent 
constituents  of  mitochondrial  lipoproteins. 
Essential  fatty  acid  deficiency  has  been  ob- 
served in  human  infants.    Such  deficiency  is 
characterized  by  abnormalities  of  the  skin 
and  an  abnormal  polyunsaturated  fatty  acid 
pattern  in  serum. 

The  fat  soluble  vitamins,  which  are  in- 
gested in  diet  in  conjunction  with  fat,  have  im- 
portant body  functions.    Vitamin  A  is  neces- 
sary for  vision  in  dim  light  and  has  a  role  in 
the  maintenance  of  normal  epithelium.    Vita- 
min D  is  important  in  calcium  and  phosphorus 
metabolism  and  is  essential  for  normal  bone 
formation.    Vitamine  E  is  an  antioxidant.    It 
retards  oxidative  rancidity  of  polyunsaturated 
fatty  acids  in  the  tissues.    It  is  also  an  essen- 
tial component  of  mitochondrial  lipoprotein 
membranes.    Vitamin  K  is  needed  for  normal 
coagulation  of  blood. 
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There  are  three  important  types  of  diet- 
ary lipids.     The  triglycerides,  which  we  usu- 
ally think  of  as  ordinary  dietary  fat,  are 
comprised  of  fatty  acids  and  glycerol.   Phos- 
pholipids are  more  complicated  in  structure 
being  made  up  of  esterified  fatty  acids,  phos- 
phate and  usually  a  nitrogenous  base.     The 
sterols  include  cholesterol  and  sitosterol, 
the  former  being  the  sterol  in  the  animal 
body  and  the  other  that  found  in  plants.     The 
function  of  phospholipids  is  only  partially 
known.     They  form  structural  components  of 
cell  walls  and  mitochondi'ia.     They  are  im- 
portant in  the  digestion  of  fats  and  their 
emulsifying  properties  assist  in  Lipid  trans- 
port.    They  are  known  to  participate  in  blood 
coagulation. 

Cholesterol  is  a  normal  body  constituent. 
It  is  manufactured  principally  in  the  liver, 
and  to  a  lesser  extent  in  other  parts  of  the 
body,  and  it  is  also  found  in  various  foods. 
There  has  been  a  great  deal  of  discussion 
about  the  undesirable  effects  of  high  serum 
cholesterol  concentrations  but  little  atten- 
tion has  been  paid  to  the  normal  functions  of 
cholesterol.    It  is  probably  a  precursor  of 
the  steroid  hormones  which  perform  very 
important  functions  in  the  body.    It  is  broken 
down  or  degraded  to  form  bile  acids  which 
are  essential  in  the  normal  digestion  of  fat. 

The  normal  or  desirable  concentration 
of  lipids  in  serum  is  not  known.    In  a  pre- 
sumably normal,  healthy  individual,  total 
fatty  acids  measure  about  300  mg.  /lOO  ml. , 
of  which  45  percent  are  in  phospholipids, 
35  percent  in  triglycerides,   15  percent  in 
cholesterol  esters  and  5  percent  free.   The 
last  mentioned  group  are  an  important  source 
of  energy  for  the  body.     Serum  triglyceride 
concentrations  during  fasting  are  100±35 
mg.  /lOO  ml,  and  serum  cholesterol  levels 
200±40  mg.  /lOO  ml.  in  young  adults  in  the 
third  decade.     Serum  phospholipids  in  this 
age  group  measure  100-400  mg. /lOO  ml. 
Serum  cholesterol  levels  tend  to  increase 
with  age,  particularly  in  males  prior  to  the 
age  of  50.     They  increase  in  females  alter 
the  menopause. 

It  has  been  suggested  that  a  number  of 
dietary  factors  are  related  to  atherogenesis 
in  man.     The  following  dietary  substances 
have  been  shown  to  influence  serum  lipid 
concentrations:    the  total  fat  content  of  the 
diet,  the  amount  of  saturated  as  compai'ed 
to  unsaturated  fat  in  the  diet,  the  percent  of 
polyunsaturated  fatty  acids  ingested,  the 
amount  and  type  of  dietary  protein,  the 


amount  and  kind  of  carbohydrate  in  the  diet 
and  the  presence  of  plant  sterols.    Some  of 
these  factors  increase  and  some  decrease 
serum  lipid  levels.     Those  that  increase 
levels  of  cholesterol,  triglycerides,  phos- 
pholipids and  betalipoproteins  are  postulated 
to  have  an  influence  on  the  development  of 
atherosclerosis  and  coronary  artery  disease 
with  coronary  thrombosis.    Other  dietary 
factors  which  may  influence  serum  lipid 
levels  include  fatty  acids  of  varying  chain 
lengths  and  configurations,  dietary  cholester- 
ol, vitamins,   especially  vitamin  Bg,   several 
minerals  and  even  the  fiber  content  of  the 
diet. 

Medical  investigations  have  indicated  that 
an  increased  incidence  of  atherosclerosis 
and  coronary  artery  disease  is  associated 
with  the  following  findings:    a  family  history 
of  vascular  disease,  obesity,  high  blood 
pressure,  and  elevation  of  serum  lipids,  i.  e. , 
hypercholesterolemia,  hypertriglyceridemia, 
hyperbetalipoproteinemia   and  prolonged 
lipemia  after  meals.     Heavy  smoking,  physic- 
al inactivity,  and  a  hypomaniac  personality 
pattern  also  appear  to  be  associated  with  an 
increased  incidence  of  coronary  artery  dis- 
ease.    Certain  medical  disease  states  are 
also  related  to  atherosclerosis,  that  is, 
diabetes  mellitus,  hypothyroidism  and  some 
types  of  damage  to  the  kidney.     Physicians 
often  speak  of  coronary  prone  patients.   These 
include  patients  who  have  hypertension, 
obesity,   elevation  of  serum  cholesterol 
levels  and  a  family  history  of  cardiovascular 
disease. 

Studies  that  relate  plasma  cholesterol 
concentrations  to  atherosclerosis  may  be 
briefly  summarized.     Epidemiological  studies 
in  various  parts  of  the  world  show  a  correla- 
tion between  hypercholesterolemia  and  coron- 
ary artery  disease.     Clinical  studies  of 
patients  with  diabetes  mellitus,  hypothyroid- 
ism, xanthomatosis  and  nephrosis  show  that 
in  these  diseases  serum  cholesterol  is  ele- 
vated and  there  is  also  a  high  incidence  of 
coronary  atherosclerosis.     Studies  in  experi- 
mental animals  have  shown  that  atheroscler- 
osis can  be  produced  only  by  the  inducation 
of  hypercholesterolemia.     From  a  pathologic- 
al and  biochemical  standpoint,  cholesterol 
and  other  lipids  are  found  in  atheroma,  the 
lesion  which  develops  in  blood  vessels  and 
causes  a  narrowing  of  the  lumen.     However, 
in  spite  of  all  these  associations,  athero- 
sclerosis is  not  always  accompanied  by 
hypercholesterolemia,  and  hypercholesterol- 
emia is  not  always  followed  by  atheroscler- 


osis.   Interesting  epidemiologic  data  were  re- 
ported by  JoUiffe  and  Archer  (1).     They  found 
that  the  death  rate  of  degenerafive  heart  dis- 
ease showed  a  positive  correlation  with  the 
percent  of  saturated  fat  in  the  diet,  the  per- 
cent of  animal  protein  intake  and  the  percent 
of  fat  as  total  calories.     They  also  found  a 
positive  correlation  between  the  number  of 
telephones  per  100  persons  and  this  type  of 
heart  disease.     There  was  a  negative  cor- 
relation with  the  percent  of  calories  as  un- 
saturated fat  in  the  diet. 

If  elevated  serum  cholesterol  levels  are 
undesirable,  and  considerable  evidence  indi- 
cates that  this  may  be  the  case,  then  an 
understanding  of  the  factors  controlling  the 
concentration  of  serum  cholesterol  is  neces- 
sary if  methods  to  lower  the  levels  of  this 
fatty  substance  are  to  be  devised.     The 
concentration  of  serum  cholesterol  is  the 
resultant  of  the  amount  absorbed  from  the 
diet  plus  reabsorption  of  cholesterol  put 
out  in  the  bile  and  the  amount  synthesized 
in  the  body,  as  related  to  the  amount  of 
cholesterol  excreted  in  the  stool,  as  chol- 
esterol or  as  its  degredation  product  bile 
acids,  and  the  amount  utilized  or  stored  in 
the  tissues.    With  these  facts  in  mind,  what 
are  mechanisms  by  which  serum  cholesterol, 
and  also  other  serum  lipids,  can  be  lowered? 
The  dietary  supply  can  be  reduced  or  the  ab- 
sorption of  lipids  can  be  prevented  or  de- 
creased.    The  synthesis  of  cholesterol  or 
other  lipids  in  tissue  can  be  inhibited.   The 
degradation  or  breakdown  and  excretion  of 
lipids  can  be  enhanced  or  there  may  be  re- 
distribution of  lipids  between  the  serum  and 
the  tissues,   more  being  deposited  in  the 
various  organs  of  the  body.     Use  has  been 
made  of  most  of  these  mechanisms  in  treat- 
ing persons  with  high  serum  lipid  concen- 
trations. 

From  the  standpoint  of  medical  therapy, 
it  may  be  desirable  to  attempt  to  lower  both 
serum  triglyceride  and  serum  cholesterol 
concentrations  under  certain  circumstances. 
High  serum  triglyceride  concentrations  as 
well  as  hypercholesterolemia  have  been  re- 
lated to  atherosclerosis  and  coronary  artery 
disease.     There  are  two  types  of  hypertri- 
glyceridemia.   One  is  induced  by  high  fat 
diets.     Obviously,  the  treatment  of  this  con- 
dition would  be  a  low  fat  diet,  one  in  which 
fat  furnishes  only  10  percent  of  the  calories. 
Unfortunately,  this  is  not  a  very  palatable 
regimen.     The  second  type  of  hypertrigly- 
ceridemia is  induced  by  carbohydrates. 
This  is  treated  by  a  relatively  high  fat  diet 
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in  which  fat  furnishes  35  to  40  percent  of  the 
calories.     The  fat  in  this  diet  should  be  rich 
in  polyunsaturated  fatty  acids  as  this  will  re- 
sult in  a  decrease  in  serum  cholesterol  as 
well  as  triglyceride  levels. 

There  are  several  methods  of  treating 
hypercholesterolemia  with  diet.     The  total 
fat  intake  and  the  amount  of  cholesterol  in- 
gested can  be  markedly  reduced.    However, 
a  more  satisfactory  reduction  of  serum  chol- 
esterol can  be  obtained  by  a  diet  containing 
moderate  amounts  of  fat,   30  to  35  percent 
of  the  calories,  when  a  large  percentage  of 
the  fat,  33  to  50  percent,  is  obtained  from 
polyunsaturated  fatty  acids.    With  this  type 
of  dietary  regimen,   serum  cholesterol  con- 
centrations decrease  10-25  percent  and,  in 
some  patients,  even  more  than  this.    In  an 
occasional  subject,  polyunsaturated  fat  does 
not  influence  serum  cholesterol  concentra- 
tions. 

What  foods  are  included  in  a  diet  in 
which  polyunsaturated  fat  has  been  substi- 
tuted for  saturated  fat?    The  content  of  vege- 
table oils,  corn,  cottonseed,   soy  or  safflower, 
is  increased  and  special  margarines  and 
shortenings  are  used  that  are  only  partially 
hydrogenated  and  contain  larger  amounts  of 
unsaturated  fatty  acids.     These  polyunsatur- 
ated sources  of  fat  are  used  in  baking,  frying, 
salad  dressings,  on  vegetables  and  even  taken 
as  such  in  tomato  juice.    In  order  to  reduce 
the  saturated  fat  in  the  diet,  only  nonfat  milk 
and  no  cream  is  included.     Only  lean  meats 
are  permitted  and  fish  and  poultry  are  used 
more  frequently  than  in  the  ordinary  diet. 
Only  four  eggs  per  week  are  allowed.    No 
commercial  bakery  goods  except  bread  can 
be  taken  by  the  patient.    He  should  avoid 
chocolate  or  caramel  type  candies  made  with 
cocoa  butter.     Good,  palatable  diets  ade- 


quate in  all  nutrients  can  be  obtained  with  a 
regimen  such  as  this. 

The  mechanisms  by  which  polyunsatur- 
ated fats  lower  serum  cholesterol  levels  is 
not  known.     There  is  some  evidence  that  they 
may  increase  the  excretion  of  sterols  and 
bile  acids  in  the  feces.     Perhaps  the  break- 
down of  cholesterol  to  bile  acids  is  acceler- 
ated.    They  may  also  influence  the  intestinal 
flora  thus  affecting  the  structure  of  sterols 
and  bile  acids  and  influencing  reabsorption  of 
these  materials. 

From  a  medical  or  health  standpoint, 
when  should  an  attempt  be  made  to  substitute 
polyunsaturated  for  saturated  fats  in  the  diet? 
This  would  seem  to  be  desirable  in  coronary 
prone  patients  who  have  been  described  above. 
When  persons  have  elevated  serum  lipid 
levels,  in  view  of  possible  relationships  to 
the  development  of  atherosclerosis,  attempts 
should  be  made  to  lower  these  toward  norm- 
al.   What  about  recommendations  for  the 
general  population?    In  my  opinion,  we  do 
not  have  sufficient  information  to  recommend 
any  change  in  the  American  diet  to  the  gener- 
al public  at  the  present  time.    Specific  diet- 
ary recommendations  remain  an  individual 
problem  and  should  be  carried  out  under  the 
supervision  of  a  physician.     It  will  probably 
take  many  years  of  research  before  the  re- 
lationships between  dietary  fat,  and  other 
substances  in  the  diet,  and  degeneration  of 
the  blood  vessels  and  heart  disease  can  be 
clearly  delineated. 


(1) 


Jolliffe,  N. 
(1959). 


References 


Circulation  20  (1):  109-127 
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A  chemist,  looking  at  the  world  food  and 
population  problem,  can  see  the  possibility 
of  making  food  quickly  and  efficiently  from 
petroleum  or  other  readily  available  raw 
materials  through  chemical  or  biochemical 


synthesis.   He  can  see,  through  a  crash  pro- 
gram, the  prospect  of  closing  the  gap  between 
the  food  supply  from  agriculture  on  the  one  hand, 
and  adequate  nutrition  for  all  peoples  of  the 
world  on  the  other  hand,  within  a  very  few  years. 
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In  a  recent  publication  of  the  Freedom 
from  Hunger  campaign  (2),  an  authority  of 
the  United  Nations'  Food~and  Agriculture 
Organization  looks  forward  to  attaining  mini- 
mum standards  of  adequate  nutrition  in  the 
food-deficient  countries  by  the  yeai^  2000. 

But  will  the  hungry  two-thirds  of  the 
world's  population  wait  until  the  year  2000? 

The  food  riots  in  India  show  that  they 
will  not  wait. 

These  riots  have  been  temporarily  check- 
ed by  large  shipments  of  United  States  grain, 
but  our  surplus  food  cannot  long  stem  the  tide 
because  in  15  years  the  population  of  India 
will  have  increased  by  a  number  equal  to  the 
entire  population  of  the  United  States,  and 
India  is  only  one  of  a  number  of  countries 
looking  to  our  food  surplus. 

New  future  sources  of  food  are  urgently 
needed  in  addition  to  all  the  increase  that  can 
be  attained  by  the  expansion  and  improve- 
ment of  conventional  sources. 

In  order  to  ascertain  the  feasibility  of 
synthesis  as  a  source  we  shall  undertake  to 
answer  the  following  basic  questions: 

Requirements  --  What  specific  foods 
should  be  provided  for  the  diet-deficient 
countries  in  order  to  meet  minimum  stand- 
ards of  adequate  nutrition? 

Raw  materials  --  What  raw  materials 
are  available  and  suitable  for  the  production 
of  the  particular  foods  that  are  needed? 

Production  --  What  methods  of  produc- 
tion can  be  used?    What  time  schedule  should 
be  set? 

Acceptance  --  How  can  we  insure  that 
the  new  synthetic  foods  will  be  readily 
accepted  and  used? 

I.      Requirements  to  Fill  the  Food  Gap 

The  present  and  prospective  food  supplies 
of  the  different  countries  of  the  world  have 
been  estimated  by  experts  of  the  United  Na- 
tions, the  U.S.  Department  of  Agriculture  (3) 
and  other  organizations.     By  comparing  these 
figures  with  the  minimum  standards  for  hu- 
man nutrition,  taking  into  account  the  in- 
crease in  population  of  the  different  countries, 
estimates  have  been  made  as  to  the  amount 


and  kind  of  food  that  would  be  required  to  pro- 
vide an  average  minimum  diet  for  the  diet- 
deficient  countries. 

The  U.S.  Department  of  Agriculture's 
"World  Food  Budget  1970"  and  other  studies 
indicate  that  the  major  deficiencies  are  two,-- 
calories  to  provide  energy,  and  animal  pro- 
tein or  its  equivalent  to  supply  material  for 
the  growth  of  the  young  and  the  maintenance 
of  body  tissues  of  the  adult. 

Calories 


The  major  sources  of  calories  in  the  hu- 
man diet  are  carbohydrates  and  fats.     The 
food-deficient  countries  obtain  78  to  80  per- 
cent of  their  calories  from  carbohydrates 
whereas  the  affluent  countries  obtain  about 
40  percent  of  their  calories  from  fat,  and 
consume  about  three  times  the  amount  of 
fat  called  for  by  a  minimum  diet,  indicating 
a  strong  preference  for  a  high  percentage 
of  fat  in  the  diet,  even  though  it  may  not  be 
essential. 

Because  of  this  evident  preference, 
plans  to  furnish  additional  calories  in  the 
diet  will  be  based  on  providing  all  of  the 
needed  additional  calories  in  the  form  of 
fats  or  fatty  acids.     No  consideration  will 
be  given  at  this  juncture  to  the  production  of 
edible  carbohydrates  from  cellulose,  although 
this  would  be  a  possible  and  practical  means 
of  supplying  the  additional  calories.     The 
total  amount  of  fat  that  would  be  required 
for  the  diet-deficient  countries  is  shown  in 
table  1.     Computations  have  been  made  on 
the  basis  of  data  for  1959-1961  and  also  from 
projections  to  1970  given  in  the  U.  S.  Depart- 
ment of  Agriculture's  "World  Food  Budget 
1970".     These  computations  neglect  the  rela- 
tively small  number  of  additional  calories 
that  would  be  supplied  by  the  supplementation 
of  the  protein  in  the  diet.     The  total  amount 
of  fat  required  would  be  about  30  million 
metric  tons  a  year  on  the  basis  of  the  1959- 
1961  figures,  but  only  about  20  million  tons 
if  the  gains  in  production  exceed  the  growth 
of  population  under  the  assumptions  made 
by  the  Department  of  Agriculture. 

Animal  Protein 


The  amino  acids  required  to  make  up  the 
animal  protein  deficit  vary  considerably  de- 
pending on  the  standard  that  is  set  and  the 
estimates  of  increased  production  of  pulse 
proteins,  it  being  assumed  that  the  latter  will 
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Table  1.  --Food  Required  to  Meet  the  Calorie  and  the  Animal  Protein  Deficits  in 

the  Diet-Deficient  Countries 


Item 


Years 


1959-1961 


1970 


Population,  in  millions 

Calories,  per  person  per  day 

Food  from  conventional  sources 
Standard  diet 
Calorie  deficit 

Synthetic  fat  to  supply  calories 
Per  person  per  day,  grams 
Entire  population,   millions  of  metric  tons  per  year 

Animal  and  Pulse  protein,  per  person  per  day,  grams 
Food  from  conventional  sources 

Animal  protein 

Pulse  protein 
Standard,  U.  S.  Department  of  Agriculture 

Animal  protein 

Pulse  protein 
Target,   Food  and  Agriculture  Organization 

Animal  protein 
Deficit,  U.  S.  Department  of  Agriculture 

Animal  protein 

Pulse  protein 
Deficit,   Food  and  Agriculture    Organization 

Animal  protein 

Synthetic  amino  acids  or  protein  to  supply  protein 
deficit,   millions  of  metric  tons  per  year,  based 
on  estimates  by-- 

U.  S.  Department  of  Agriculture 
Food  and  Agriculture  Organization 


1,923 


2,373 


2,033 

2,203 

2,400 

2,400 

367 

197 

40.8 

21 

28.6 

18 

7.2 
8.6 

10 
10 

16 

2.8 
1.4 

8.8 


2.9 
6.2 


10. 

10 
10 

16 


1.4 
0.0 

7.4 


1.2 
6.4 


satisfy  part  of  the  need  for  animal  proteins. 
The  Department  of  Agriculture  budget  would 
provide  the  diet-deficient  countries  with  60  g. 
of  total  protein  per  person  per  day;  10  g,  of 
this  would  be  animal  protein  and  10  g.  pulse 
protein.     On  the  basis  of  1959-1961  data  the 
desired  amino  acid  production  to  make  up 
the  animal  protein  deficit  would  be  3  million 
metric  tons  per  year,  in  round  numbers. 
However,   6  million  tons  would  be  required 
to  meet  the  target  of  16  g.  of  animal  protein 
per  person  per  day,   set  by  the  United 
Nations'  Food  and  Agriculture  Organization 
(1),     For  1959-1961  the  consumption  of  ani- 
mal protein  in  the  United  States  was  63.  8  g. 
per  person  per  day,  or  four  times  the  goal 
of  16  g.   set  by  the  Food  and  Agriculture 
Organization.    As  a  matter  of  fact  an  esti- 
mate of  20  g,  per  person  per  day  is  used  by 
Pawley  (2)  in  a  basic  study  of  the  Freedom 


from  Hunger  Campaign  as  a  goal  to  be  reach- 
ed by  the  year  2000.     To  realize  this  goal  by 
1970  would  require  an  amino  acid  supplement 
of  9.  9  million  metric  tons  per  year. 

It  is  assumed  that  the  amino  acid  produc- 
tion would  consist  of  the  eight  or  ten  essential 
amino  acids  in  the  optimum  proportion,  and 
that  a  mixture  of  these  amino  acids  would  be 
equivalent  to  the  same  quantity  of  animal 
protein.     The  amino  acid  requirement  would 
be  reduced  to  the  extent  that  specific  amino 
acids  such  as  methionine  or  lysine  would  be 
used  to  supplement  incomplete  cereal  pro- 
teins and  render  them  equivalent  to  animal 
proteins. 

n.     Raw  Materials 

Inasmuch  as  food  is  the  source  of  energy 
for  the  human  machine,  a  chemist's  first 
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concern  in  looking  at  the  calorie  require- 
ments and  the  present  calorie  deficit  is  to 
compare  the  energy  provided  by  all  of  the 
food  in  the  world  with  the  energy  supply  of 
the  world  derived  from  other  sources,  par- 
ticularly the  energy  supply  derived  from 
fossil  fuels  since  they  are  the  most  readily 
available  and  the  most  immediately  practical 
raw  materials  from  which  to  synthesize  food. 

Sources  of  Calories 

The  food  energy  of  the  world  for  the  diet- 
adequate  and  the  diet -deficient  countries  is 
summarized  in  table  2,  together  with  esti- 
mates of  the  deficit.    Table  3  summarizes 
the  more  important  world  sources  of  energy. 


The  values  of  energy  are  in  calories  repre- 
senting the  heat  of  combustion  of  the  food  and 
the  fuel  under  standard  conditions;  they  do 
not  represent  the  useful  work  done  by  the 
energy  furnished  by  either  the  food  or  the 
fuel. 

For  1959-1961  the  energy  supplied  by 
food  was  2,  606  x  10l2  cal.  per  year  as  com- 
pared with  28,  703  x  10l2  cal.  obtained  from 
fossil  fuels,  the  food  energy  being  about  9 
percent  of  the  energy  of  the  coal,  lignite, 
crude  petroleum,  and  natural  gas  combined. 
The  deficit  for  that  period  amounted  to 
258  X  10l2  cal.  which,  in  round  numbers, 
represents  one  percent  of  the  energy  of  all 
fossil  fuels  and  two  percent  of  the  energy 


Table  2. 

--World  Food  Energy 

Years 

Item 

1959-1961 

1970 

a2 


Population,   millions 

Diet-adequate  countries 
Diet-deficient  countries 

Calories  per  person  per  day 
Diet-adequate  countries 
Diet-deficient  countries 

Food  energy  per  year  (unit,  lO-^*^  cal. ) 
Diet-adequate  countries 
Diet -deficient  countries 

Total 

Additional  food  energy  needed  in 
diet-deficient  countries 

Calories  per  person  per  day 
Calories  per  year,  entire  population 
(unit,   10l2  cal. ) 


1,089 
1,923 

2,941 
2,033 

1,169 
1,427 

2,606 


367 
258 


1,244 
2,373 

3,023 
2,203 

1,  372 
1,908 

3,280 


197 
171 


Table  3. --World  Sources  of  Energy,  1959-1961 

Energy  per  year 
(Unit,  1012  cal.) 

Food  consumed  by  human  beings 

Coal  and  lignite 

Crude  petroleum 

Natural  gas 

Total  fossil  fuels  i/ 

Hydroelectricity 

Photosynthesis  by  land  vegetation-2^ 

Solar  energy  reaching  the  land^ 


\J  The  data  for  fossil  fuels  have  been  taken  from  "World 
Energy  Supplies,  1959-1962,"  United  Nations  Statistical 
Papers,  Series  J,  No.  7,  United  Nations,  New  York,  1964. 

2/  The  data  for  photosynthesis  and  solar  energy  are  from 
Thirring,  "Energy  for  Man,"  p.  262,  Indiana  University 
Press,  1958. 


2, 

606 

14, 

847 

9, 

577 

4, 

279 

28, 

703 
585 

1/ 

38, 

700 

224, 

000, 

000 

of  the  crude  petroleum  and  natural  gas  which 
might  be  used  as  sources  of  the  synthetic  fats 
to  be  synthesized  to  close  the  calorie  gap. 

The  conversion  of  hydrocarbons  to  fatty 
acids  and  fats  can  be  made  with  a  relatively 
high  yield,  but  even  if  only  50  percent  effici- 
ency should  be  obtained  the  amounts  of  fossil 
fuels  required  would  be  small  relative  to  their 
use  for  other  purposes.     The  estimates  of  the 
Department  of  Agriculture  for  the  increased 
production  of  food  by  conventional  methods 
and  the  rapidly  increasing  production  of 
fossil  fuels  would  make  the  requirements 
for  supplementary  food  calories  for  1970  a 
much  smaller  fraction  of  the  fossil  fuel  pro- 
duction than  as  shown  by  the  1959-1961  fig- 
ures.    Far  more  than  the  necessary  amount 
of  fossil  fuel  could  be  saved  by  the  setting  of 
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carburetors  of  automobile  engines  for  maxi- 
mum efficiency  rather  than  maximum  power, 
as  at  present. 

Source  of  Fixed  Nitrogen 

The  direct  chemical  synthesis  of  essen- 
tial amino  acids  to  supplement  the  incomplete 
cereal  proteins  and  to  make  up  the  animal 
protein  deficit  would,  according  to  presently 
available  methods,  proceed  from  petroleum 
hydrocarbons  and  ammonia  derived  from  the 
fixation  of  atmospheric  nitrogen.     The  petro- 
leum, as  has  been  shown,  is  in  adequate 
supply,  and  only  a  small  fraction  of  the 
world  production  of  ammonia  would  be  re- 
quired. 

The  average  total  daily  consumption  of 
protein  of  all  kinds  is  64  g.  per  person  per 
day.    Taking  the  factor  6.  25  as  the  ratio  of 
protein  to  nitrogen,  the  protein  in  the  diet  is 
equivalent  to  10.2  g.  of  nitrogen  per  person 
per  day.     The  total  amount  of  nitrogen  in 
human  food  for  a  year  would  then  be  11.  3 
million  metric  tons.     This  is  somewhat 
more  than  the  world  production  10.  27  mil- 
lion metric  tons  of  synthetic  ammonia  in 
1959-1961.     The  production  of  10  million 
tons  of  amino  acids  a  year,  according  to  the 
maximum  estimate  of  the  need,  would  re- 
quire 1.  6  million  tons  of  nitrogen  in  the  form 
of  ammonia.    The  world  production  of  syn- 
thetic ammonia  is  increasing  rapidly,  and 
the  1964  annual  capacity  is  estimated  at 
about  20  million  tons,  on  the  basis  of  nitro- 
gen, so  that  the  largest  requirement  to 
make  up  the  protein  deficit  for  1970  would 
take  considerably  less  than  10  percent  of 
the  available  supply. 

Sources  of  Minerals 

Sulfur,  phosphorus,  calcium,  iron,  io- 
dine, and  other  mineral  elements  that  might 
be  required  for  the  production  of  synthetic 
food  would  be  needed  in  quantities  that  would 
be  so  small  in  comparison  to  other  uses  as 
to  interpose  no  problems  of  supply. 

in.     Production 

The  current  production  of  synthetic  foods 
and  related  materials  in  the  United  States 
consists  of  vitamins,  amino  acids,  and 
materials  for  flavor  and  perfume,  as  shown 
in  table  4.    Amino  acids  are  of  the  greatest 
interest.    Only  two  are  produced  in  quantity 
--  methionine  which  is  quoted  at  $1. 10  per 


lb.  in  car    load  lots  in  the  feed  grade,  and 
lysine  monohydrochloride  which  sells  for 
$3.  90  per  lb.     The  other  essential  amino 
acids  are  available  in  laboratory  quantities 
at  prices  from  $17.  00  to  $40.  00  per  lb. 
Flavors  and  perfumes  have  not  been  separ- 
ated because  some  substances  serve  both 
purposes.    However,  about  a  third  of  the 
total  production  is  represented  by  monosodi- 
um  glutamate  which  is  used  as  a  condiment. 

Table  4.  --Synthetic  Food  Production  and  Sales 
in  the  United  States  in  1963  ^ 


Pro- 
Product         duction 

Sales 

Value 

(1,0001b.) 

Amino  acids          3,057 
Flavor  &  Per- 
fume materials  73,  768 
Vitamins              14, 874 

(1,0001b.) 

3,283 

67,014 
10,519 

($1,000) 

4,256 

77,386 
64,474 

1/  statistics  from  "Synthetic  Organic  Chemicals,  United 
States  Production  and  Sales,  1963,"  U.S.  Tariff 
Commission  Publication  143,  U.S.  Government  Printing 
Office,  1964. 

No  statistics  are  available  as  to  the  bio- 
chemical production  of  protein -containing 
animal  feed  from  petroleum.    It  is  likely 
that  only  experimental  quantities  are  being 
made  at  this  time. 

Direct  Chemical  Synthesis  vs.  Biochemical 
Production 


Two  methods  are  envisioned  for  the  pro- 
duction of  food  from  petroleum,  —  direct  syn- 
thesis and  production  by  bacteria  or  molds 
growing  on  an  emulsion  of  petroleum  in  a 
solution  of  inorganic  salts.    Biochemical 
synthesis  is  distinguished  from  the  culture 
of  algae  or  the  hydroponic  growing  of  plants 
by  the  fact  that  the  energy  for  the  biochemic- 
al synthesis  is  derived  from  petroleum  rather 
than  from  simlight.    A  great  deal  of  research 
is  currently  being  conducted  by  oil  companies, 
universities,  and  others  on  the  growing  of 
microorganisms  having  a  high  protein  content. 

As  an  illustration  of  work  in  progress, 
the  British  Petroleum  Company  is  reported 
as  operating  a  plant  at  its  Lavera  site  in 
France  at  which  500  tons  a  day  of  heavy  gas 
oil  is  processed  to  yield  50  tons  of  dry, 
cellular  material  rich  in  protein  and  450 
tons  of  up-graded  gas  oil.     The  cellular 
material,  described  as  a  tasteless,  white, 
dry  powder,  is  being  used  in  feeding  experi- 
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ments.    Additional  experimental  production 
is  planned  for  Nigeria, 

Biosynthetic  methods  possess  the  advant- 
age  that  by  the  selection  of  organisms  it  may 
be  possible  to  obtain  a  food  product  contain- 
ing the  essential  amino  acids  in  the  optimum 
proportion,  together  with  vitamins  necessary 
for  human  nutrition.    In  the  long  term  bio- 
synthetic methods  may,  however,  occupy  only 
an  intermediate  step  between  the  agricultural 
production  of  food  on  the  one  hand,  and  the 
direct  synthesis  on  the  other.    An  indication 
of  this  is  given  by  the  fact  that  the  one  time 
production  of  a  variety  of  substances  such  as 
alcohol,  acetone,  and  butanol  by  fermentation 
processes  is  being  superseded  by  direct  syn- 
thesis because  the  latter  is  the  more  econom- 
ical. 

Technique  of  a  Crash  Program 

The  development  of  a  major  synthetic 
food  industry  would  take  many  years  if  it 
should  follow  the  lines  of  normal  commercial 
development,  but  it  would  be  possible  to 
telescope  the  development  into  a  very  few 
years  if  there  should  be  a  determination  to 
do  so.     Laboratory  research,  process  de- 
velopment, pilot  plant  operations,  and 
studies  on  utilization  might  be  undertaken 
simultaneously.     By  stopping  short  of  large 
scale  production  the  costs  would  be  small  in 
proportion  to  the  magnitude  and  importance 
of  the  project  or  the  total  expenditure  in- 
volved.    Furthermore,  the  additional  costs 
involved  in  conducting  different  stages  of 
development  side  by  side  might  be  offset  by 
the  interest,  enthusiasm,  and  new  ideas 
generated  by  a  group  of  scientists  and  en- 
gineers working  under  pressure  to  solve  a 
major  world  problem. 

Manpower  for  the  Program 

The  critical  manpower  requirement 
would  be  for  the  initial  research  and  develop- 
ment operation.     By  assigning  high  priority 
to  the  program  the  best  available  personnel 
could  be  drafted  for  participation  in  specific 
phases.     The  actual  production  operations 
would  not  call  for  large  numbers  of  persons 
because  the  highly  automated  production  units 
would  be  replicated  as  needed,  and  the  engin- 
eers and  technicians  required  would  be  given 
standard  training  courses  to  fit  them  for 
their  respective  tasks. 


Time  Scale 

The  large  scale  synthesis  of  fats,  amino 
acids,  and  other  materials,  and  biosynthesis 
of  proteins  by  use  of  microorganisms,  would 
be  a  task  for  the  chemical  industry  today 
that  would  be  roughly  comparable  to  the  task 
that  the  industry  faced  in  the  production  of 
synthetic  rubber  in  World  War  11.    At  that 
time  production  was  under  way  in  less  than 
two  years  and  the  maximum  output,  in  about 
4  years. 

Since  the  large  scale  synthesis  of  food 
would  almost  necessarily  be  an  international 
operation,   more  time  should  be  allowed  for 
administrative  arrangements  and  financing. 
There  is  no  reason,  however,  why  research 
and  development  could  not  be  carried  to  the 
point  at  which  large  scale  production  could 
be  undertaken  by  1970.     By  replicating  facili- 
ties for  production  at  a  number  of  points, 
particularly  in  the  developing  countries,  it 
should  be  possible  to  close  the  food  gap  by 
1980,  even  assuming  that  the  social  scien- 
tist, by  that  time,   may  have  made  only  a 
small  beginning  in  checking  the  birth  rate. 

The  developing  countries,  even  the  small- 
est, are  greatly  concerned  now  with  the  ac- 
quisition of  computers,  steel  mills,  and  nu- 
clear reactors  as  status  symbols.     If  syn- 
thetic food  factories  could  be  added  to  this 
list  of  status  symbols,  there  would  be  no 
difficulty  in  meeting  early  production  sched- 
ules. 

IV.    Acceptance 

In  addition  to  serving  as  a  source  of  ener- 
gy and  providing  material  for  growth  and 
maintenance,  food  serves  a  third  function 
that  should  not  be  passed  over  lightly,   --it 
affords  pleasure  and  satisfaction  in  eating. 
Synthetic  foods  should  have  the  mechanical 
and  organoleptic  properties  that  would  make 
them  sought  after  rather  than  merely  toler- 
ated. 

Fortunately  the  substances  that  contri- 
bute taste  and  odor  to  food  are,  for  the  most 
part,  relatively  simple  in  structure  so  that 
it  should  not  be  a  difficult  task  for  the  chem- 
ist to  synthesize  those  that  have  not  already 
been  synthesized.    Where  "artificial"  flavors 
do  not  exactly  match  those  of  the  natural  prod- 
uct it  is  because  the  chemist  has  not  taken  the 


27 


trouble  to  duplicate  and  include  certain  minor 
constituents.     Furthermore,  it  is  possible 
for  the  chemist  to  produce  many  pleasing 
flavors  not  known  in  nature. 

The  polymer  chemist  who  has  produced 
an  almost  endless  variety  of  fibers,  gels, 
gums,  resins,  and  plastic  products  would 
encounter  no  major  difficulty  in  incorporat- 
ing synthetic  food  materials  in  products  of 
nearly  any  desired  consistency  or  texture, 
and  could  prepare  highly  acceptable  counter- 
parts of  steak,  jello,  cheese,  or  seafood. 

In  brief,  the  approach  in  presenting  syn- 
thetic food  to  the  world  would  be  that  of  offer- 
ing something  new  that  possesses  health- 
giving  properties  as  well  as  a  supremely  de- 
lectable taste,  odor,  consistency,  and  tex- 
ture.   If  the  chemist  should  do  his  job  with 
imagination  as  well  as  sound  technology  there 
would  be  no  need  for  the  collaboration  of 
Madison  Avenue  in  the  program. 

V.     Conclusion 

The  chemist  now  has  the  knowledge  and 
the  ability  to  produce  from  available  raw 
materials  enough  food  to  provide  adequate 
nutrition  for  everyone  in  the  now  hungry  two 
thirds  of  the  world  population.     Furthermore, 
the  chemist  can  do  it  within  a  very  few  years, 
--  say,   5  years  to  begin  large  scale  manu- 
facture, and  10  years  longer  to  close  the 
food  gap. 


This  now  is  only  an  idea  --a  very  vision- 
ary idea  to  some.     To  bring  the  idea  to  reali- 
zation will  require  large  scale  cooperation 
and  support  on  the  part  of  governments  of  a 
number  of  countries  and  the  United  Nations. 
Manpower,  materials,  and  a  great  deal  of 
money  will  be  needed  --  but  only  a  portion 
of  the  manpower,  materials,  and  money  that 
are  now  being  spent  on  military  prepara- 
tions. 
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Consumption  of  animal  protein  through- 
out the  world  varies  almost  directly  with  in- 
come (2).    Man's  apparent  affinity  for  meat 
and  other  animal  proteins  is  offset  by  their 
high  price  in  terms  of  other  goods  and  serv- 
ices.   Only  the  rich  have  access  to  meat  to- 
day, and  there  appears  little  likelihood  of 
any  significant  change  in  this  situation  in  the 
foreseeable  future. 


The  high  cost  of  meat  results  both  from 
the  inefficiency  with  which  animals  convert 
vegetable  protein  into  muscle  as  well  as  the 
inefficiency  of  the  labor  and  capital  employed 
in  its  production  and  distribution.     Table  1 
contrasts  the  cost  of  producing  representative 
animal  and  vegetable  foods,  beef  and  bread. 
Note  the  farm  value  of  beef,  a  crude  measure 
of  the  cost  of  vegetable  raw  materials,  is 
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Table  1.  --Costs  of  Manufacturing  and 
Distributing  Bread  and  Beef 
(Dollars  per  Pound  Protein) 

BreadV    Beef  j/ 

Farm  value  0.38  3.06 

Transportation,  handling 

and  storage  0. 02  0. 38 

Processing  &  retail  margins     1.  15  1.  00 

Retail  price 1.  55  4. 18^ 

lySee  reference  (2)- 
2/ See  reference  Q). 
3_/Net  of  by-product  credits  -  not  shown. 

eight  times  that  of  bread.    It  costs  as  much 
to  process  and  distribute  beef  in  a  semi- 
finished form  as  it  does  to  convert  wheat 
into  a  state  ready  for  consumption.    The 
consumer  must  pay  over  three  times  as 
much  per  pound  of  protein  in  raw  beef  as 
in  bread.    Breeders  and  geneticists  con- 
tinue to  reduce  the  cost  of  feed  per  xmit  of 
meat,  but  there  is  no  prospect  of  altering 
the  basic  economic  cleavage  between  animal 
and  vegetable  foods. 

While  much  remains  to  be  learned  of  the 
origin  of  man's  desire  for  meat,  its  nutri- 
tional excellence  and  its  contribution  of  savor 
and  textural  variety  doubtless  play  major 
roles  in  establishing  its  almost  ubiquitous 
franchise.    Protein  isolation  and  synthetic 
fiber  technology  appear  to  offer  a  means  to 
achieve  with  vegetable  proteins  textural 
heterogeneity  and  nutritional  excellence 
heretofore  associated  only  with  meat.    Be- 
cause flavor,  texture  and  appearance  are 
all  independent  variables,  the  family  of 
foods  one  can  prepare  by  these  techniques 
also  provides  a  new  measure  of  dietary 
variety. 

In  the  complex,  adaptable  matrix  attain- 
able with  fiber  formulations,  two  or  more  nu- 
tritionally complementary  vegetable  proteins 
can  be  incorporated  to  overcome  the  nutri- 
tional disadvantages  of  any  single  vegetable 
protein.     The  complexities  of  fiber  prepara- 
tion, of  course,  are  unnecessary  for  such 
balancing  as  has  been  demonstrated  by  the 
INCAP  group  (5).     Savor  excellence  and 
variety  are  more  difficult  to  obtain  in  vege- 
table protein  foods  because  most  of  the 
better  quality  vegetable  protein  sources 
have  characteristic  flavors  difficult  to  avoid 
or  mask.    These  offending  components  can 
be  removed  during  protein  isolation,  and 
measures  can  be  taken  to  prevent  their  re- 


generation.   However,  the  major  contribu- 
tion fiber  technology  has  to  make  is  textural 
complexity.    Vegetable  protein  isolates, 
which  in  their  natural  state  yield  gruels  or, 
at  best,  soft  gels,  can  be  converted  into  a 
series  of  interesting,  texturally  hetero- 
geneous foods.     Today  I  shall  try  to  outline 
briefly  how  this  new  food  genus  is  prepared, 
list  its  characteristics  and  discuss  the  role  I 
and  my  colleagues  expect  it  to  play. 

Manufacture 

Several  methods  of  preparing  textured 
foods  from  spun  vegetable  protein  have  been 
described.    One  approach  is  depicted  in 
Figvire  1  (10).     The  protein  contained  in  any 
of  several  vegetable  sources  is  extracted  with 
water  and  alkali  and  refined  to  yield  a  bland 
isolate  of  95  to  98  percent  purity.     Proteins 
considerably  less  pure  than  this  can  be  spun, 
but  it  appears  necessary  to  achieve  this  de- 
gree of  refinement  in  order  that  disagreeable 
flavor  components  present  in  the  raw  materi- 
al will  be  removed.    Such  protein,  in  the 
form  of  a  concentrated  solution  or  spinning 
dope,  is  then  extruded  through  dies  or 
spinnerettes  into  a  coagulating  bath  where 
fiber  formation  occurs,     (See  figure  2), 
The  diameter  of  these  filaments,  shown  after 
dehydration  in  figure  3  can  be  varied  from 
1  to  30  thousandths  of  an  inch.    By  altering 
the  composition  of  and  treatment  given  the 
spinning  dope,  the  configuration  of  the  ori- 
fices in  the  spinnerettes,  the  composition  of 
and  conditions  in  the  bath  and  the  degree  to 
which  the  fibers  are  stretched,  their  charac- 
ter can  be  varied  from  delicate,  tender  fib- 
rils to  coarse,  tenacious  strands. 

While  the  fibrils  play  a  critical  role  in 
these  foods,  they  are  only  one  of  several  es- 
sential components.     The  fibrils  are  intimate- 
ly mixed  with  fat,  flavoring,  coloring,  supple- 
mental nutrients  and  stabilizers  and  bound 
together  with  a  heat  coagulable  protein  or 
other  binding  system.    As  demonstrated  in 
figvire  4,    the  fibrils  may  be  either  aligned 
or  randomly  oriented. 

Each  component  introduces  a  degree  of 
freedom  in  formulation.    Hence,  it  is  feasible 
to  prepare  a  wide  array  of  highly  dissimilar 
foods.    After  fabrication,  individual  products 
can  be  sliced,  ground  or  diced.     The  hors 
d'oeuvres  served  this  noon  illustrate  some 
of  the  range  of  characteristics  which  are 
attainable. 
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Figure  1. -PREPARATION  OF  TEXTURED  FOODS  FROM  SPUN  VEGETABLE  PROTEIN. 


Figure  2.-PIL0T  SPIN'NING  UNIT,  GENERAL  MILLS,  INC. 
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Figure  3.-FREEZE  DRIED  EDIBLE  SOY  PROTEIN  FIBERS.    Each  tow  comprises  approximately  15,000  fibrils. 


Composition 

The  composition  of  a  typical  produce  is 
presented  in  figure  5.    All  data  are  given  on 
a  dry  basis.    In  the  ready-to-eat  state,  most 
of  these  products,  like  meat,  comprise  60  to 
70  percent  water  (3), 

Fibrils  account  for  only  30  to  60  percent 
of  the  total  dry  weight.  While  we  have  worked 
primarily  with  soy  protein  because  of  its  for- 
tunate combination  of  nutritional  quality  and 
economy,  we  and  others  have  found  many 
proteins  can  be  spun  including  zein,  casein, 
cottonseed,  peanut,  sunflower  and  saf flower. 

We  are  still  dependent  largely  on  egg 
albumin  for  bonding.    Egg  albumin  makes  a 
significant  nutritional  contribution,  but  it  is 
costly  and  dependence  on  a  single  bonding 
agent  limits  the  degree  of  textural  control 
theoretically  attainable.    We  are  following 
with  keen  interest  work  on  vegetable  pro- 
tein gels  and  look  forward  to  supplementing 
or  supplanting  egg  albumin  with  such 
materials. 


Fat  content  can  be  varied  from  essenti- 
ally zero  to  a  practical  upper  limit  of  50  per- 
cent of  the  dry  weight.    Limpid  as  well  as 
higher  melting  fats  of  either  animal  or  vege- 
table origin  can  be  employed. 

Many  textureless  nutrients  can  be  incor- 
porated in  the  fiber  matrix  to  achieve  nutri- 
tional balance.    Other  vegetable  proteins  or 
protein-rich  materials,  animal  proteins 
such  as  lactalbumin,  amino  acids,  minerals 
and  vitamins  can  be  introduced. 

Flavor  and  color  can  be  provided  by 
natural  or  artificial  systems  or  by  combina- 
tions of  both.     For  example,  meat  broth, 
meat  fat  and  meat  itself  can  be  incorporated 
along  with  vegetable  protein  hydrolyzates, 
synthetic  flavors  and  flavor  enhancers. 
Similarly,  fruit  pulp  and  artificial  fruit 
flavors  and  natural  and  artificial  spices  can 
be  employed  effectively  in  concert. 

As  indicated  in  figure  6,  these  spun  pro- 
tein foods  typically  contain  more  protein  and 
less  fat  than  most  meats,    although  the 
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Figure  4.--ILLUSTRATIVE  PRODUCTS  PREPARED  FROM  SPUN  PROTEIN-    Note  the  linear  orientation 
of  protein  fibers  in  product  at  left  and  random  orientation  in  product  at  right. 
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Figure  5.— Composition  of  typical  products. 

concentration  of  both  constituents  can  be 
varied  widely.     They  also  contain  lower  levels 
of  carbohydrate,  introduced  in  the  flavor - 
color  and  supplemental  nutrient  systems. 


Nutrition 

Combinations  of  soy  protein  and  egg  al- 
bumin, as  one  would  expect,  yield  foods  of 
high  protein  quality.    A  portion  of  the  sulfur 
amino  acids  found  in  soy  meal  is  lost  in  the 
extraction  and  purification  process  (9),     Con- 
sequently, as  has  been  reported  elsewhere 
(4,  8,   6),  the  protein  efficiency  ratio  (P.  E.  R.) 
61  isolated  soy  protein  is  significantly  lower 
than  that  of  soy  meal  or  casein. 

We  have  found  that  P.  E.  R.  of  spun  pro- 
tein extracted  from  high  solubility  soy  meal 
is  approximately  1.  6,  (weanling  Sprague 
Dawley  rats  fed  10%  protein  diet  for  28  days). 
However,  the  protein  efficiency  of  foods 
fabricated  from  these  fibrils  approaches  that 
of  casein  without  specific  amino  acids  supple- 
mentation.    The  broad  range  of  ingredients  in- 
herent in  almost  all  of  the  formulations  with 
which  we  have  worked  affords  the  necessary 
complementation.    Higher  protein  efficiency 
levels  can  be  achieved  by  incorporating  small 
quantities  of  selected  amino  acids  and/or 
proteins. 
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Figure  6.— Composition  of  spun  protein  foods. 

Economics 

The  efficiency  with  which  animals  con- 
vert vegetable  to  meat  protein  is  usually 
assumed  to  be  of  the  order  of  10  percent. 
In  contrast,  the  protein  yield  of  the  process 
I  have  described  is  at  least  85  percent. 

This  technology  is  complex,  and  a  sub- 
stantial investment  is  required  to  produce 
these  foods  in  commercial  quantities.    None- 
theless, the  economic  advantages  inherent 
in  continuous  processing  and  the  profound  im- 
provement in  efficiency  with  which  interest- 
ing, nutritionally  excellent  protein  foods  can 
be  produced  by  these  techniques  offer  much 
economic  promise. 

We  estimate,  on  the  basis  of  existing 
technology,  that  attractive  ready-to-eat  pro- 
tein foods  can  be  offered  in  commercial 
quantities  at  the  manufacturing  level  for  ap- 
proximately one-half  the  cost  of  the  corres- 
ponding cooked  meat.    Since  this  technology 
is  still  in  its  infancy,  increasing  technologic- 
al sophistication  and  increasing  output  are 
expected  to  increase  this  disparity. 

Applications 

Reports  beginning  to  appear  in  the  press 
indicate  concern  on  the  part  of  livestock  in- 
terests about  competition  from  these  new 
foods.     Fortunately  or  unfortunately,  depend- 
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ing  on  one's  point  of  view,  the  domestic  ani- 
mal has  little  to  fear.    We  expect  spun  pro- 
tein foods  analogous  to  meat  as  well  as  spe- 
cies providing  novel  characteristics  to  find 
application;  however,  both  appear  likely  to 
assume  a  role  complementary  to  meat,  not 
directly  competitive.    In  fact,  meat  probably 
will  be  incorporated  in  some  of  the  meat 
analogs. 

Most  meat  is  consumed  as  such,  in 
slices,  patties  or  large  pieces.     This  mar- 
ket is  largely  immune  to  competition.     The 
probability  of  duplicating  a  system  as  com- 
plex and  distinctive  as  a  large  piece  of  meat 
is  small.     Even  if  this  were  not  the  case, 
consumers  will  change  their  eating  habits 
only  if  given  a  compelling  reason  to  do  so. 
The  economic  advantages  we  have  discussed 
might  be  thought  to  provide  this  incentive  as 
is  the  case  with  margarine.    However,  the 
two  situations  are  quite  different.     Consum- 
ers are  aware  of  the  true  economic  relation- 
ship between  butter  and  margarine  because 
they  purchase  both  in  a  form  ready  for  con- 
sumption.   Few  consumers,  however,  are 
fully  aware  of  the  actual  cost  of  cooked  meat 
because  they  purchase  it  raw,  usually  with 
an  appreciable  quantity  of  bone,  and  rarely 
measure  the  actual  yield  of  cooked  lean  meat. 
Foods  prepared  from  spun  protein  are  cooked 
dxiring  manufacture.     Therefore,  these  ready- 
to-consume  products  would  necessarily  com- 
pete in  the  consumer's  mind  against  raw  meat 
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meat  which  is  only  30  to  80  percent  of  the 
cost  of  its  cooked  counterpart. 

Furthermore,  in  the  absence  of  a  public- 
ly financed  educational  effort,  the  spun  pro- 
tein foods  themselves  must  bear  the  sizeable 
cost  of  educating  consumers,  through  adver- 
tising, to  the  existence  of  the  new  genus. 
Hence,  the  economic  advantage  enjoyed  by 
these  new  foods  at  manufacturing  level  would 
be  significantly  eroded  by  the  time  they  were 
presented,  as  such,  to  the  consumer. 

Consequently,   spun  protein  foods  will 
probably  be  limited  in  traditional  cookery  to 
use  in  three  areas:    (1)  in  formulated  special- 
ties, either  alone  or  in  combination  with 
meat,  (2)  in  foods  with  unique  nutritional 
characteristics  and  (3)  in  situations  where 
meat  consumption  is  restricted  for  religious 
or  cultural  reasons.    In  formulated  foods 
such  as  casseroles,  the  uniform  quality, 
economy  and  freedom  from  gristle  and 
striffen  afforded  by  spun  protein  meat 
analogs  are  welcomed  by  food  processors 
and  will  result  in  higher  quality  products. 
Because  their  composition  can  be  varied 
widely  and  precisely  controlled,  spun  pro- 
tein foods  are  useful  in  well-defined  diets 
and  as  vehicles  for  dietary  supplementation 
of  vitamins,  minerals  and  other  nutrients. 
Spun  protein  meat  analogs  are  already  find- 
ing application  in  this  country  among  groups 
with  religion-oriented  dietary  restrictions. 
Possibly  greater  potential  lies  in  the  more 
affluent  segments  of  Eastern  vegetarian 
cultures  where  the  textural  variety  these 
foods  yield  will  be  enjoyed  without  any  meat 
connotation. 

In  the  West,  meat  analogs  prepared  from 
spun  protein  appear  most  useful  in  foods 
where  meat  cannot  be  used  for  technical 
reasons  and  in  new  foods  where  no  definition 
exists  in  the  consumer's  mind.     For  example, 
through  the  use  of  stable  fats  and/or  fat  stabil- 
izing systems,  it  is  practical  to  prepare  de- 
hydrated meat-like  products  which,  unlike 
dehydrated  meat,  do  not  develop  rancidity  or 
undergo  other  forms  of  deterioration  when 
exposed  to  air  at  room  temperature.     These 
materials  are  applicable  as  condiments  for 
use  in  the  home,  in  quick  bread  and  casser- 
ole mixes,  dips  and  pourable  salad  dressings 
where  meat  is  too  unstable  for  protracted 
use.     They  are  also  useful  to  manufacturers, 
such  as  bakers  and  vegetable  processors, 
who  would  like  to  introduce  into  their  prod- 
ucts the  organoleptic  and  nutritional  qualities 


of  meat  but  do  not  have  the  facilities  to 
handle  it. 

Hydrated  and  dehydrated  spim  protein 
foods  can  be  given  any  configuration  desire, 
and  their  organoleptic  characteristics  can 
be  tailored  to  meet  the  needs  of  specific  food 
formulations.     Thus,  they  are  well  suited  to 
new  products  such  as  snacks,   spreads,  and 
salads. 

Finally,  spun  protein  technology  makes 
it  feasible  to  give  a  new  measure  of  dietary 
variety  to  the  general  consumer.     Because 
it  is  possible  to  separate  the  desirable  tex- 
tural qualities  of  meat  from  its  associated 
flavors,  it  is  practical  to  supply  new  flavo- 
textural  combinations.    Cheese,  vegetable 
and  fruit -flavored  products  can  be  prepared 
as  can  textured  foods  incorporating  some  of 
the  rich,  fermentation-derived  flavors  of  the 
Orient. 

Man  is  notoriously  conservative  with  re- 
spect to  his  diet.     Even  we  in  the  United 
States  who  give  less  heed  to  tradition  than 
perhaps  any  other  people,  like  our  foods  the 
"old  fashioned  way  Grandmother  used  to 
make.  "    Consequently,  one  cannot  look  for 
this  series  of  foods  or  any  other  to  take  the 
world  by  storm.    Nonetheless,  this  tech- 
nology's capacity  to  prepare  varied,  eco- 
nomical protein  foods  in  a  world  where 
economy  and  high  quality  protein  are  almost 
antithetical  may  allow  it  to  make  a  signifi- 
cant contribution  to  our  well  being. 
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BREEDING  VEGETABLES  AND  FRUIT  FOR  PROCESSING 
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When  invited  to  talk  on  the  subject  of 
fruit  and  vegetable  breeding  for  processing, 
I  indicated  that  I  knew  more  about  vegetables 
than  fruit,  and  if  I  talked  emphasis  would  be 
on  vegetables.     Even  this  is  somewhat  of  a 
challenge  to  one  who  has  worked  in  the  State 
where  the  primary  effort  has  been  in  produc- 
ing vegetables  for  the  fresh  market. 

In  Florida  there  is  a  continuing  increase 
in  acreage  of  crops  for  processing,   much  of 
it  the  direct  result  of  plant  breeding  research, 
even  though  this  research  has  been  conducted 
in  many  other  areas  of  the  United  States. 

There  are  three  important  areas  a  breed- 
er must  consider  if  he  is  successful  in  de- 
veloping crops  for  processing. 

First  is  developing  a  variety  of  strain 
that  can  be  grown  economically  over  rather 
a  wide  geographical  area.     This  is  in  itself 
a  challenging  task.     The  strain  or  variety 
must  possess  superior  yielding  potentials 
under  the  prevailing  climatic  conditions  in 
which  it  is  to  be  grown,  and,  at  the  same 
time,  it  must  possess  resistance  to  import- 
ant prevailing  diseases  or  physiological  dis- 
orders of  older  varieties.     To  properly 
assess  breeding  materials  it  would  appear 
almost  mandatory  for  the  breeder  to  have 
rather  complete  knowledge  of  the  perform- 
ance of  presently  available  varieties.     This 
becomes  increasingly  difficult  as  variety 
evaluation  or  testing  becomes  increasingly 
unpopular  with  Experiment  Station  personnel. 


In  addition  to  performance  as  a  crop, 
propagating  material,  whether  it  be  seeds  or 
plants,   must  be  obtainable,  of  high  quality 
and  reasonable  in  cost.    Many  varieties  of 
beans  have  performed  well  only  to  be  dis- 
carded by  breeders  because  of  difficulties 
in  securing  seed  without  split  seed  coats  or 
other  similar  seed  defects. 

The  yielding  ability  of  a  variety  is  so 
closely  inter-related  to  culture  practices, 
such  as  kind  and  quantity  of  fertilizers, 
spacing  or  plant  population,  and  other  such 
practices  as  to  make  it  exceedingly  difficult 
for  the  plant  breeder  to  fully  evaluate  a 
variety's  performance  on  small  breeding 
plots,  but  rather  the  more  promising  of 
several  lines  or  strains  developed  must  be 
tested  under  a  variety  of  cultural  conditions 
to  determine  whether  they  equal  or  exceed 
varieties  they  might  replace. 

Breeders  know  that  usually  large  plants 
produce  a  larger  average  yield  per  plant  than 
small  or  semi-dwarf  plants,  but  this  does  not 
necessarily  mean  increased  acre  yields.    If 
smaller  plants  can  be  spaced  closer  together 
and  thus  increase  the  plant  population  per 
acre  then  the  acre  yield  of  smaller  plants 
may  equal  or  exceed  that  of  larger  plants. 
This  is  true  with  a  number  of  vegetables. 
While  yield  is  an  important  characteristic, 
of  equal  importance  is  the  resistance  to 
specific  disease  or  physiological  disorders. 
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In  Florida  during  the  past  several  years 
the  acreage  of  spinach  for  processing  has  in- 
creased quite  rapidly.     This  has  been  due  in 
large  part  to  the  development  of  hybrid  spin- 
ach varieties  that  under  the  climatic  condi- 
tions prevailing  in  Central  Florida  are  re- 
sistant to  mildew.     The  resistance  to  mildew 
plus  uniformity  of  maturity  has  resulted  in 
excellent  yields  and  a  rapid  increase  in  acre- 
age which  is  mechanically  harvested. 

Probably  no  single  factor  has  been  of  any 
more  importance  in  maintaining  the  growing 
of  tomatoes  for  processing  in  the  Middle 
Atlantic  States  than  has  the  development  of 
varieties  resistant  to  fruit  cracking.     This 
has  been  historically  a  severe  limitation  in 
tomato  growing  in  the  more  humid  areas  of 
the  country.    As  fruit  approached  the  full 
ripe  stage  they  developed  radial  cracks 
around  the  stem  allowing  for  infection  with 
molds  or  other  diseases  or  insects. 

Processing  companies  through  the  years 
have  found  strains  of  tomatoes  resistant  to 
cracking  and  have  incorporated  this  resist- 
ance into  a  high  yielding  quality  variety. 

This  has  allowed  these  areas  to  continue 
to  produce  tomatoes  for  processing  in  compe- 
tition with  the  more  arid  areas  of  the  west. 
But  even  here  breeding  cannot  stop  for  the 
arid  areas  have  now  been  most  successful  in 
development  of  semi-dwarf  tomatoes  which 
mature  a  large  percentage  of  their  fruit 
within  a  relatively  short  period  of  time  and 
are  easily  removed  from  the  vine.     These 
characters  have  permitted  the  introduction 
of  successful  mechanical  harvesters  into 
tomato  fields,  greatly  reducing  the  cost  of 
harvesting. 

Unquestionably,  hybrid  vegetables  will 
increase  in  importance.    Most  of  the  sweet 
corn,  onions,   spinach  and  certain  other  crops 
are  now  grown  almost  entirely  from  hybrid 
seed.     Hybrids  have  certain  excellent  charac- 
ters, one  being  increased  acre  yield  and 
another  uniformity  of  maturity.    It  is  neces- 
sary that  hybrids  be  evaluated  in  terms  of 
resistance  to  certain  difficulties  that  non- 
hybrid  varieties  may  possess.    Hybrid  toma- 
toes have  proven  quite  successful  in  many 
areas  but  thus  far  we  do  not  have  hybrid 
varieties  resistant  to  fusarium  wilt  or  other 
diseases.     The  increased  use  of  hybrid  seed 
has  increased  the  complexity  of  the  breeder's 
job.     He  no  longer  can  anticipate  introducing 


a  variety  but  rather  must  develop  inbreds 
that  will  carry  certain  definite  genetic  char- 
acters. 

The  second  thing  of  importance  for  the 
breeder  is  developing  a  variety  that  is  suit- 
able for  efficient  harvesting  and  handling. 
This  may  mean,  one,  that  it  is  adapted  for 
mechanical  harvesting  or  is  simply  easily 
harvested. 

Certain  plants  have  fruit  which  can  be 
removed  from  the  plant  with  a  minimum 
amount  of  physical  effort  while  other  plants 
require  considerable  force  to  separate  the 
fruit  from  the  plant.    With  certain  crops, 
such  as  beans  and  tomatoes,  the  peduncle 
may  stay  attached  to  the  fruit  when  the  fruit 
is  removed  from  the  plant  or  it  may  be  de- 
tached as  the  fruit  is  removed.     This  may 
be  either  a  desirable  or  undesirable  charac- 
ter depending  on  how  the  material  is  to  be 
used. 

In  discussing  hybrids  we  mentioned  uni- 
formity of  plants  and  this  can  be  best  illus- 
trated by  cabbage  varieties.    Recent  work 
with  machines  for  harvesting  cabbage  has 
shown  that  in  a  once-over  harvesting  opera- 
tion of  nonhybrid  varieties  about  sixty  per- 
cent of  the  plants  harvested  were  ready  for 
harvest.    Whereas  with  hybrid  varieties  this 
percentage  ran  above  ninety  percent.  Hybrid 
sweet  corn  varieties  shows  the  remarkable 
uniformity  that  can  be  achieved. 

Hybrid  corn  grown  for  fresh  market  in 
Florida  is  harvested  by  men  who  move 
through  the  fields  in  front  or  in  back  of  a 
movable  belt  on  which  the  corn  is  placed 
after  it  is  pulled  from  the  plant.     The  corn 
is  then  carried  by  this  belt  to  sorting  and 
packing  bins  where  it  is  packed  in  crates 
ready  for  market.    Research  personnel  have 
indicated  that  more  than  ninety-five  percent 
of  the  available  crop  is  harvested  by  a  single 
harvest. 

Dr.   Lorz,  at  the  University  of  Florida, 
has  found  characters  in  Southern  peas  which 
he  has  used  in  his  breeding  program,  we  be- 
lieve, make  these  edible  cowpea  varieties 
much  more  adaptable  for  mechanical  harvest- 
ing or  even  for  hand  picking.    One  of  the  char- 
acters he  has  used  is  to  place  pods  well  above 
the  foliage  of  the  plant.     This  may  be  an  ad- 
vantage for  certain  types  or  kinds  of  mechan- 
ical harvesters  and  for  hand  harvesting. 
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However,  he  has  also  developed  varieties 
where  the  pods  are  quite  concentrated  in  ma- 
turity dates  and  where  the  yield  of  pods  to 
the  vegetative  growth  of  the  plants  is  quite 
high  so  that  the  usual  type  of  mechanical 
bush  bean  harvester  can  be  used  successfully. 

One  of  the  difficulties  with  Southern  peas 
has  been  in  shelling  the  peas  after  they  are 
removed  from  the  plant.    Even  here  it  is 
possible  that  once  the  complete  cataloguing 
of  available  plant  characters  is  developed  we 
may  find  assistance. 

Dr.   Lorz  has  strains  in  his  breeding 
plots  where  the  pod  splits  open  its  full  length 
before  the  peas  are  even  mature  enough  for 
harvesting.    Whether  this  trait  can  be  con- 
trolled svifficiently  to  use  in  producing  plants 
where  the  pods  will  be  easily  opened  remains 
to  be  seen. 

One  interesting  development  has  been  the 
attempt  to  harvest  pickles  mechanically. 
First  efforts  at  harvesting  pickles  from  the 
normal  viney  cucumber  plant  were  rather  \m- 
successful,  but  plant  breeders  have  fovind  a 
plant  type  which  may  increase  the  possibili- 
ties for  machine  harvesting.     This  is  a  mini- 
ature plant  about  12-15  inches  tall  and  at  this 
stage  has  a  number  of  pickles  present  on  it. 
These  plants,  of  course,  can  be  grown  quite 
close  together  so  that  the  total  acre  yield  at 
a  single  harvest  would  not  be  too  greatly  dif- 
ferent from  that  secured  at  a  number  of  har- 
vests from  normal  cucumber  plants  spaced 
at  the  usual  distances. 

The  third  hurdle  that  the  plant  breeder 
has  in  developing  varieties  for  processing  is 
whether  or  not  his  crop  is  adaptable  for  pro- 
cessing.   Is  it  easily  cleaned  and  prepared? 
Does  it  bruise  easily?    Do  bruises  affect  the 
processing,  and,  of  course,  what  is  the 
quality  of  the  product  after  processing? 

Breeders  have  touched  only  slightly  the 
potentials  of  this  phase  of  the  breeding  pro- 
gram.   The  breeder  is  aware  that  color, 
flavor,  aroma,  texture  and  other  characters 
are  of  importance  in  determining  the  market 
quality  of  the  processed  product.    He  knows 
he  has  a  host  of  genetic  characters  available 
that  have  not  been  evaluated  fully  as  to  how 
they  affect  changes  in  these  various  categories. 
Nor  have  the  desirable  characteristics  of  pro- 
cessed products  remained  very  constant. 


The  consumer  has  a  way  of  changing  her 
mind  and  making  a  choice  which  often  appears 
to  many  in  no  way  associated  with  any  logical 
decision.    One  of  the  big  selling  items  in  the 
last  few  years  in  frozen  food  has  been  a  multi- 
colored seed-coated  lima  bean,    A  few  years 
ago  we  would  have  thought  this  item  next  to 
impossible  to  sell  in  any  large  volume  as 
frozen  products. 

The  Romano,  or  Italian  bean,  is  another 
item  that  has  had  a  big  play  for  the  past  few 
seasons  yet  to  many  professional  horticultur- 
ists it  is  not  a  particularly  high  quality  bean. 
CMnese  peas  sounds  like  a  new  and  intriguing 
vegetable  until  we  find  it  an  edible  podded 
English  pea  grown  in  a  limited  manner  for 
many  years  in  this  country  and  rather  exten- 
sively in  Scandinavian  coimtries. 

In  many  instances  the  breeder  is  unable 
to  judge  the  final  quality  of  his  product  and 
must  depend  on  food  teclmologists  or  others 
for  this  evaluation.    Quite  often  a  slight 
change  in  processing  technique  may  make 
a  new  variety  acceptable  or  at  other  times 
a  breeder  must  again  screen  his  material  to 
find  the  illusive  but  desirable  characters  re- 
quired. 

Bean  processors  have  considered  the 
variety  Blue  Lake,  a  pole  variety,  as  having 
deluxe  quality  for  canning.    High  production 
and  harvesting  costs  of  pole  beans  has  en- 
couraged the  attempt  to  produce  a  bush  type 
plant  producing  pods  with  the  shape,  size, 
and  other  characteristics  of  the  pole  variety. 
They  have  been  reasonably  successful  in 
doing  so  except  perhaps  for  transmitting  the 
unusual  flavor  characteristic  of  the  Blue  Lake 
to  suitable  bush  type  plants  producing  a  con- 
centrated yield  of  pods.    Even  here  until  ob- 
jective tests  for  this  illusive  flavor  charac- 
ter is  developed  breeders  must  depend  either 
on  their  own  or  other  individual's  judgment 
for  evaluating  new  lines  for  flavor. 

Processing  eggplants  was  virtually  un- 
known before  the  last  World  War.    Since  then 
the  crop  has  become  a  processing  item  of 
some  importance.    What  are  the  character- 
istics desired  in  an  eggplant  to  be  used  in 
making  frozen  French  fried  eggplant?  Since 
Florida  produces  the  major  portion  of  this 
crop  we  have  had  complaints  directed  to  us 
about  1)  a  bitter  taste,  and  2)  seeds  turning 
dark.    It  is  questionable  whether  either  of 
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these  characteristics  are  particularly  im- 
portant if  the  present  varieties  are  grown 
and  handled  properly.    Both  of  these  char- 
acters can  be  induced  by  expoi^ure  of  fruit 
to  an  unfavorable  post-harvest  environment. 

On  the  other  hand,  if  browning  during 
preparation  is  of  importance  there  are  vari- 
eties that  do  not  discolor  on  cutting  and  the 
lack  of  this  character  does  not,  from  super- 
ficial examination,  appear  to  affect  flavor  or 
other  apparently  desirable  attributes.     This 
character  is  not  limited  to  eggplants  but  is 
in  many  other  vegetables  and  fruits. 

In  a  breeding  project  with  eggplants  a 
few  years  ago,  we  noted  tremendous  varia- 
tions in  the  specific  gravity  of  fruit  from 
various  lines.    Whether  a  low  or  high  spe- 
cific gravity  is  more  or  less  desirable  for 
processing  is  vinknown.    But  if  there  is  a 
preference,  it  could  be  easily  incorporated 
into  most  any  variety. 

In  a  search  of  literature  an  abundance  of 
literature  can  be  found  on  fruit  evaluation  for 
processing  quality.     Fruit  breeding,  particu- 
larly with  tree  fruits,  is  a  long  time  opera- 
tion.    Thus,  while  a  great  deal  of  research 
has  been  done  in  testing  existing  varieties 
for  various  products  and  processes,  there 
apparently  has  been  a  limited  amovint  in  de- 
veloping varieties  specifically  for  process- 
ing. 

As  additional  product  specifications  be- 
come available  to  horticulturists,  breeding 
will  probably  be  accelerated  even  in  these 
long  time  crops.    At  present  there  is  con- 
siderable breeding  with  peaches,  grapes, 
cherries,  and  certain  other  fruits  primarily 
to  eliminate  production  faults  of  presently 
available  varieties.     Thus,  with  both  vege- 
tables and  fruits,  the  breeder  can  progress 


most  rapidly  when  he  has  specifications  of 
what  is  desired  in  a  variety. 


There  is,  however,  no  assvirance  that 
these  specifications  will  remain  constant.  In- 
deed we  know  these  specifications  constantly 
change.     The  experienced  plant  breeder  knows 
the  limitations  and  potential  of  this  breeding 
material.    He  is  expert  at  manipulating  genes 
and  in  making  numerous  combinations  or  re- 
combinations of  available  characters;  but  if 
the  genes  are  not  present  for  the  particular 
desired  character  reshuffling  will  not  result 
in  progress.    In  this  case,  progress  can  only 
be  ma.de  if  additional  material  having  the  de- 
sirable character  can  be  located.    A  good  ex- 
ample is  tomatoes.    More  than  thirty  years 
ago.  Dr.  Pritchard  developed  a  variety  Mar- 
globe.     This  variety  had  some  resistance  to 
fusarium  wilt  but  in  no  sense  possessed  im- 
munity.   It  was  not  until  material  from  South 
America  was  brought  into  the  country  and 
found  to  possess  almost  complete  immunity 
to  fusarium  wilt  were  plant  breeders  able  to 
put  this  character  with  the  other  desirable 
characters  and  produce  a  variety  immune  to 
fusarium  wilt. 


Plant  breeding  can  make  a  very  definite 
contribution  to  the  processing  industry.    Be- 
fore a  superior  job  can  be  done  the  process- 
or's needs  must  be  well  established  and  the 
breeder  must  have  help  in  evaluating  his 
material  both  from  the  standpoint  of  produc- 
tion and  suitability  for  use  as  processing 
material.     Certainly,  any  improvements 
made  in  our  various  crops  by  breeding  must 
produce  the  crop  economically,    must  pro- 
duce a  crop  that  can  be  easily  harvested 
and  prepared  for  processing  and  must 
result   in   a  product   acceptable   to   the 
consumer. 
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PURE  CULTURE  FERMENTATION  OF  BRINED  CUCUMBERS 

[Summary'^ 

by 

J.  L.  Etchells,  R.  N.   Costilow,   T.  E.  Anderson 

and  T.  A.  Bell 

U.  S.   Food  Fermentation  Laboratory 

Southern  Utilization  Research  and  Development  Division 

Raleigh,  North  Carolina 

(Presented  by  J.  L.  Etchells) 


The  relative  abilities  of  Pediococcus 
cerevisiae,  Lactobacillus  plantarum,  L. 
brevis,  and  several  other  species  of  laclic 
acid  bacteria  to  grow  and  produce  acid  in 
brined  cucumbers  were  evaluated  in  pure 
culture  fermentations.    Such  fermentations 
were  made  possible  by  the  use  of  two  tech- 
niques, gamma  radiation  (0.  83  to  1.  00  Mrad) 
and  hot -water  blanching  (66°  to  80°  C.  for  5 
min. ),  designed  first  to  rid  the  cucumbers  of 
naturally  occurring,  interfering,  and  competi- 
tive microbial  groups  prior  to  brining,  follow- 
ed by  inoculation  with  the  desired  lactic  acid 
bacteria.    Of  the  nine  species  tested,  strains 
of  the  three  common  to  cucumber  fermenta- 
tions, P.  cerevisae,   L.    plantarum  and  L. 
br evi s ,  grew  to  the  highest  populati on s ,  "and 
produced  the  highest  levels  of  brine  acidity 
and  the  lowest  pH  values  in  fermentations  at 
5.  4  to  5.  6  percent  NaCl  by  weight;  also,  their 
sequence  of  active  development  in  fermenta- 
tions, with  the  use  of  a  three-species  mix- 
ture for  inoculation,  was  in  the  species  order 
just  named.     This  sequence  of  occurrence 
was  similar  to  that  estimated  by  others  for 
natural  fermentations.     The  rates  of  growth 


and  acid  product  in  fermentations  with  a  mix- 
ture of  P.  cerevisiae,  L.  plantarum,  and  L. 
brevis  increased  as  the  incubation  tempera^ 
ture  was  increased  from  21°  to  27°  to  32°  C, ; 
however,  the  maximal  populations  and  acidi- 
ties attained  were  essentially  the  same  for 
fermentations  at  each  temperature.    Further, 
these  same  three  species  were  found  to  be 
the  most  salt  tolerant  of  those  tested;  their 
upper  limit  for  appreciable  growth  and  mea- 
surable acid  production  was  about  8  percent 
salt,  whereas  thermophilic  species  such  as 
L.  thermophilus,  L.  lactis,  L.  helveticus, 
L.  fermenti,  and  L.  delbrueckii  exhibited  a 
much  lower  salt  tolerance,  ranging  from 
about  2.  5  to  4.  0  percent.    However,  certain 
strains  of  L.  delbrueckii  grew  very  rapidly 
in  cucumbers  brined  at  2.  5  to  3.  0  percent 
salt,  and  produced  sufficient  acid  in  about 
30  hr.  at  48°  C.  to  reduce  the  brine  pH  from 
above  7.  0  to  below  4.  0.    An  inexpensive, 
pure  culture  fermentor  which  was  suitable 
for  gamma  radiation,  resistant  to  salt  and 
acid,  and  which  permitted  repeated  aseptic 
sampling  of  the  fermenting  brine,  is  illus- 
trated and  the  specifications  are  given. 


_l/  The  paper  presented  was  essentially  that  appearing  in  Applied  Microbiology  12,  523-535  (1964). 

DEVELOPMENT  OF  PEACH  PRODUCTS'' 

by 

J.   G,  Woodroof,  E.  K.  Heaton,   T.  S.  Boggess,  Jr. ,  and  K.   C.   Li 

Georgia  Experiment  Station 

Experiment,  Georgia 

(Presented  by  J.  G.  Woodroof) 


Peaches  are  grown  in  the  Southeast  pri- 
marily for  the  fresh  market  and  secondarily 


for  processing.     Processing  is  largely  re- 
stricted to  canning,  with  a  few  being  pickled. 


jyThis  is  a  condensation  of  information  presented  in  eight  quarterly  progress  reports  on  a  study  of  "Development  of  Peach 
Products,"  being  conducted  jointly  between  the  Department  of  Food  Science,  Georgia  Experiment  Station;  the  Southern 
Utilization  Research  and  Development  Division,  Agricultural  Research  Service,  and  Office  of  Rural  Area  Development, 
United  States  Department  of  Agriculture;  and  supported  by  the  Area  Redevelopment  Administration,  United  States  Depart- 
ment of  Commerce,  Washington,  D-C. 
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frozen,  or  made  into  preserves.  A  good 
quantity  of  the  low  quality  fruit  goes  into 
wine  or  brandy. 

The  per  capita  consumption  of  fresh 
peaches  has  been  declining  for  about  two 
decades.    This  has  resulted  in  retrenchment 
of  the  industry  in  many  counties,  especially 
in  the  Piedmont  area.    Decline  in  production 
has  happened  in  the  light  of  the  introduction 
of  improved  varieties,  more  economical 
means  of  culture,  and  more  efficient  means 
of  controlling  insects  and  disease. 

Growing  peaches  in  suitable  areas  of  the 
Southeast  has  been  a  stable  agricultural  en- 
terprise for  more  than  a  half  century.    It 
has  been  important  in  not  only  providing  a 
substantial  income,  but  a  means  of  employ- 
ment for  many  rural  and  suburban  people. 
Even  a  slight  decline  in  production  is  immedi- 
ately reflected  in  the  labor  supply. 

It  is  apparent  that  recovery  or  even  main- 
tenance of  the  peach  industry  in  the  Southeast 
lies  in  the  area  of  expanding  processing  and 
marketing,  as  well  as  in  production.    Among 
the  problems  to  be  solved  include:    (a)  making 
peaches  available  in  a  more  convenient  form 
without  the  necessity  of  peeling  or  pitting  by 
the  consumer;  (b)  supplying  peaches  in  por- 
tion-control form  to  even  out  servings  with- 
out leftovers:  (c)  making  peaches  available 
in  ready-to-serve  form  by  one  not  skilled  in 
food  preparations,  without  the  need  of  cook- 
ing, sweetening,  or  other  treatments;  (d) 
providing  peaches  to  the  consumer  on  a  more 
nearly  year-roimd  basis  so  as  to  extend  the 
geographical  area  and  time  of  consumption; 
and  (e)  providing  an  outlet  other  than  the 
fresh  market  for  many  varieties  with  quite 
different  characteristics  that  ripen  succes- 
sively, over  a  period  of  four  months.    Of 
more  than  a  dozen  promising  peach  products, 
two  are  discussed  in  this  report.     The  re- 
sults are  from  three  crop  seasons. 

Puree- Type  Peach  Drink 

During  the  past  two  decades,  consump- 
tion of  fruit  juices  has  increased  rapidly. 
This  is  in  the  form  of  juices,  nectars,  fruit 
drinks,  fruit  ades  and  breakfast  drinks.  Soft- 
ripe  peaches  have  qualities  especially  desir- 
able for  these  products.    Especially  valuable 
are  the  color,  flavor,  and  viscosity  of  peach 
juice. 


The  objectives  are  (a)  to  more  complete- 
ly utilize  the  peach  crop,  especially  that  por- 
tion remaining  after  the  choice  fruit  is  re- 
moved for  shipping  fresh.    It  is  estimated 
that  75  percent  of  some  early  varieties  and  25 
percent  of  the  Southeastern  peach  crop  falls 
in  this  grade,     (b)  to  build  in  more  value  and 
thereby  stabilize  the  production  and  labor 
supply  in  the  peach  industry,     (c)  to  devise  a 
means  of  producing  and  preserving  a  product 
from  the  edible  portion  of  peaches  of  all  vari- 
eties.   This  includes  both  clingstone  and  free- 
stone varieties  of  other  widely  different  char- 
acteristics and  ripening  seasons. 

Puree  for  juice  was  prepared  from  more 
than  two  dozen  varieties,  including  those  that 
ripened  early,  midseason  and  late;  also  in- 
cluded were  clingstone,  semicling,  and  free- 
stone varieties,  as  well  as  some  of  poor, 
medium,  and  high  flavor.    In  general,  early 
varieties  were  small  clingstone,  with  a  high 
percentage  of  split  seed,  high  in  moisture  and 
acid,  ripened  unevenly  and  bruised  easily, 
lacked  yellow  color  and  firmness,  and  were 
generally  poor  for  eating  fresh  and  unsuitable 
for  canning. 

Approximately  80,  000  pounds  of  puree 
were  prepared  for  evaluation,  of  which 
2,  800  pounds  was  for  ice  cream  from  select- 
ed fruit;  a  total  of  52,  658  pounds  was  for 
beverages,  of  which  21,  868  pounds  was  pre- 
pared from  clingstone  peaches;  and  28,  986 
pounds  from  freestone  fruit.    Of  the  above, 
27,  792  pounds  were  made  from  B-grade  fruit 
from  packing  houses,  and  23,  062  pounds  were 
made  from  assorted,  tree-ripe,  orchard  run 
fruit.    Additional  quantities  were  used  for 
topping,  salads,  sauces,  and  bakery  items. 
Some  of  it  was  reprocessed  by  drum-drying 
and  making  into  jellies  and  jams. 

Summary  of  Results 

1.    Peeling  peaches  before  pureeing  was 
necessary^    Puree  prepared  from  Marcus, 
Dixired,  Redhaven  and  Keystone  varieties 
showed  that  peeling  improved  the  appearance, 
aroma,  color,  and  flavor,  but  did  not  appre- 
ciably affect  the  soluble  soUds,  pH,  or  vis- 
cosity of  the  finished  product.     Peeling  re- 
duced the  yield  about  15  percent,  removed 
part  of  the  "peach-leafy"  flavor,  as  well  as 
sulfur  and  other  spray  residues.    Immersion 
peeling  after  pitting  reduced  the  yield  8  per- 
cent, removed  most  of  the  red  color  compon- 
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ent,  yielding  a  product  with  a  pale  yellow 
color,  mild  peach  aroma  and  flavor.  This 
product  was  described  as  watery,  lacking 
body  and  flavor  after  standardizing, 

2.  Red  color  was  undesirable.    A  large 
amount  of  red  pigment  at  the  seed,  or  near 
the  surface  of  ripe  peaches  was  undesirable 
because  it  frequently  turned  various  shades 
of  gray,  blue  or  purple  during  processing 
and  preservation.     This  discoloration  was 
apparently  due  to  oxidation,  enzymes,  metals 
or  acidity. 

The  color  and  consistency  of  peach  puree 
was  improved  by  "finishing"  it  through  a 
0.  033  stainless  steel  screen,  to  remove 
fibrous  material. 

It  was  found  that  with  many  varieties  of 
peaches  the  use  of  0. 14  percent  ascorbic  acid 
or  a  mixture  of  four  parts  citric  acid  and  one 
part  ascorbic  (0.  37  percent)  did  not  com- 
pletely prevent  browning  and  development  of 
oxidized  flavor.     The  addition  of  22.  5  ppm 
sulfur  dioxide  brightened  the  color,  im- 
proved the  flavor,  and  protected  both  the 
color  and  flavor  of  peach  puree  and  peach 
juice. 

3.  Heating  peaches  before  pureeing  was 
advantageous.    It  was  found  that  heating  the 
peeled  fruit  in  the  absence  of  air,  to  140° F. 
for  two  minutes  before  pureeing,  softened 
the  fruit,  prevented  darkening,  and  decreased 
cloud  in  the  finished  product.    While  the 
flavor  was  changed,  the  product  was  not  ap- 
preciably degraded. 

Results  of  evaluations  of  frozen  puree  of 
fully  ripe,  peeled  Dixired,  Sullivan  Elberta, 
and  Elberta  varieties  of  peaches  showed:    (a) 
the  addition  of  ascorbic  acid  (0. 14  percent) 
was  the  most  effective  way  of  preserving  the 
natural  appearance,  aroma,  color,  and  flavor. 
It  increased  the  acidity,  and  lowered  the  vis- 
cosity slightly,    (b)  The  addition  of  sugar  to 
17°  Brix  improved  the  aroma  and  flavor,  de- 
creased the  acidity,  viscosity  and  separation, 
(c)  De-airing  prevented  separation  of  juice 
and  pulp  and  improved  the  appearance,  but 
failed  to  protect  the  color;  it  decreased  the 
viscosity,  acidity,  aroma  and  flavor,    (d) 
Bubbling  nitrogen  through  the  puree  had  little 
effect  on  quality  except  the  development  of  an 
"overripe"  flavor,  and  a  reduction  in  the 
amoimt  of  separation  and  viscosity. 


4.  Concentrating  the  puree  more  than 
twofold  was  impractical.     This  was  due  to  the 
high  viscosity  of  the  puree  and  the  loss  of 
volatile  aromas,  even  when  vacuum  was  used. 

Concentrating  the  puree  removed  desir- 
able aroma  and  flavor,  and  left  a  more  astrin- 
gent flavor.    Straining  or  removal  of  cell 
fragments  also  removed  desirable  flavor. 
Consequently,  juice  that  had  been  strained 
or  concentrated  had  less  bouquet  and  more 
astringency  than  single-strength  puree  or 
jmce. 

Results  from  concentrating  juice  from 
Dixired,  Sullivan  Elberta  and  Elberta  varie- 
ties of  peaches  twofold  and  threefold  showed 
that  the  three  varieties  responded  differently 
as  follows:    (a)  Concentrating  reduced  the 
volatile  aromas,  flavors,  viscosity,  and 
acidity;  imparted  a  slightly  grey  color,  and 
prevented  separation  in  the  Dixired  variety. 
The  reconstituted  and  standardized  puree 
made  a  high  quality  drink  as  shown  by  re- 
sults of  a  three-  and  ten-member  sensory 
panel,    (b)  Concentrating  reduced  the  vola- 
tile aromas  and  flavors,  and  improved  the 
color  slightly  for  the  Sullivan  Elberta  vari- 
ety.    The  reconstituted  and  standardized 
puree  made  a  highly  acceptable  drink,    (c) 
For  the  Elberta  variety  concentrating  re- 
moved volatile  aromas  and  flavors,  reduced 
the  sheen,  and  increased  the  viscosity.    It 
also  developed  aroma  and  flavor  of  dried 
peaches. 

The  speed  at  which  peaches  were  pureed 
affected  the  quality  of  the  single-strength  and 
standardized  product.    Puree  made  at  a 
paddle  speed  of  1,  000  rpm  was  satisfactory, 
but  that  made  at  a  higher  speed  had  progres- 
sively larger  amounts  of  air  whipped  into  it. 
This  entrapped  air  caused  a  pale  color  and  an 
oxidized  aroma  and  flavor  in  the  single- 
strength  and  standardized  products, 

5,  Stabilized  puree  was  good  for  drinks, 
A  highly  acceptable  peach  puree  was  prepared 
from  blends  of  varieties,  and  the  use  of  addi- 
tives to  produce  a  product  (a)  with  soluble 
solids  in  a  range  from  13  to  18  percent;  (b) 
with  total  acidity  of  0,  52  percent;  (c)  soluble 
solids/titratable  acidity  ratio  of  30  to  38;  and 
(d)  viscosity  from  100  to  200  cps. 

The  addition  of  sufficient  sugar  to  raise 
the  total  solids  from  a  normal  of  about  11 
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percent  to  13  percent,  increased  the  sheen, 
tended  to  mask  the  bouquet  and  reduced  vola- 
tilization of  flavors  during  further  process- 
ing. 

It  was  found  that  ascorbic  acid  was 
superior  to  blanching  or  vacuum  de -airing 
for  preserving  the  natural  appearance, 
aroma,  color,  texture  and  flavor  of  peach 
puree.    After  standardizing  into  a  drink  tne 
de-aired  sample  was  rated  highest,  being 
considered  normal  on  all  qualities.     The 
ascorbic  acid-treated  sample  rated  second 
highest,  being  normal  except  for  slightly  dull 
color.     The  blanched  sample  which  was  rated 
third  lacked  peach  aroma  and  flavor. 

Peach  puree  showed  possibilities  of  be- 
ing successfully  blended  with  orange  juice  at 
the  rate  of  about  15  percent.    Encouraging 
results  were  also  obtained  by  blending  peach 
puree  with  pineapple  juice,  ginger  ale,  and 
lemon  juice. 

Consumer  acceptance  from  about  13,  000 
servings  of  peach  juice  at  cafeterias,  restaur- 
ants, and  Ivmcheons,  showed  this  product  to 
be  preferred  to  six  other  fruit  juices,  except 
orange. 

6.    Viscosity  of  puree  was  reduced  by 
pectinase^     The  viscosity  of  peach  puree 
could  be  readily  reduced  from  syrup-like 
to  watery  consistency  by  the  use  of  Ig.  /8  lbs. 
pectinase  enzymes (Klerzyme  200,  Klerzyme 
B  612  or  Pectinol  IM)  for  one  hour  at  80  °F, 
The  juice  could  then  be  filtered,  clarified, 
centrifuged  and  concentrated  sixfold.     This 
juice  is  the  base  for  the  manufacture  of  con- 
centrated peach  juice.     The  concentrate  is 
used  commercially  for  wine  and  brandy  and 
is  being  tested  as  a  flavoring  for  ice  cream, 
jelly,  jams  and  bakery  products. 

The  pectinase  enzymes  at  the  concentra- 
tions studied,  brightened  the  appearance,  pre- 
vented separation,  slightly  lowered  the  flavor, 
and  reduced  the  viscosity,  but  did  not  influ- 
ence the  pH,  total  acidity  or  soluble  solids. 
The  enzyme  TJ  No.   611  (Proteinase)  had  no 
appreciable  effect  on  the  peach  puree  except 
for  a  slight  dulling  of  the  appearance,  and 
the  development  of  an  objectionable  off  aroma 
and  flavor,  which  was  described  as  "sulfur y,  " 
"metallic,  "  "old  peach.  " 

Steps  in  Preparation 

1.    Select  ripe,  worm-free  peaches  of 
any  variety  that  are  practically  free  of  rot," 
"leakers.  "  and  off  flavors. 
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2.  Grade  for  soft  ripeness  and  freedom 
from  defects.    Hold  firm-ripe  fruit  until  soft, 
discarding  that  which  is  green  or  has  undesir- 
able odor. 

3.  Peel  by  immersing  in  5  percent  lye  at 
210 °F.  for  30  seconds. 

4.  Remove  loose  peel  in  rotary  washer 
using  very  fine  sprays. 

5.  Brush  lightly  with  soft  nylon  brushes 
and  trim  with  knife  to  remove  bruised  or 
rotten  spots. 

6.  Heat  whole  fruit  in  continuous  ther ma- 
screw  for  2  minutes,  at  200  °F.  to  aid  in  pulp- 
ing, prevent  oxidation  and  stabilize  cloud. 

7.  Run  through  pulper  with  1/4  in.  per- 
forated screen  to  remove  soft  flesh  from 
seed  and  unripe  portions. 

8.  Run  through  finisher  with  0,  033  or 
0.  024  in.  perforated  screen  to  remove  fiber 
and  reduce  remainder  to  liquid. 

9.  Accumulate  in  tank,  add  ,  14  percent 
ascorbic  acid  by  weight  and  mix  prior  to 
pasteurizing. 

10.  Quick-pasteurize  at  190°  F.  and  cool 
quickly. 

11.  Fill  aseptically  into  sterile  5 5 -gallon 
drums,  or  chill  and  fill  into  55-gallon  drums 
for  refrigerated  storage,  or  fill  hot  into  No. 
10  cans. 

To  prepare  drink:   1.    Blend  puree  of 
different  varieties  and  adjust  to  13-18  per- 
cent soluble  solids,   0,  52  percent  total  acids, 
30/38  soluble  solids/acid  ratio,  and  100- 
200  cps  viscosity. 

2.     Pack  into  consumer  size  cans  or  bot- 
tles, pasteurize  at  190  °F. ,  cool  and  store. 

Refrigerated  Fresh  Sliced  Peaches 

A  trend  toward  the  use  of  refrigerated 
prepared  fresh  fruits  is  increasing.     This 
method  of  marketing  citrus  fruits,  apples, 
pineapples,  and  cherries  has  been  quite  suc- 
cessful.    Fresh  peach  slices  were  marketed 
first  in  the  Southeast  about  three  years  ago. 
Four  factors  add  interest  to  the  project. 
They  are:  increasing  labor  costs,  lack  of 
suitable  equipment  for  peeling  and  slicing 
peaches  in  hotels  and  restaurants,  built-in 


convenience  of  the  item,  and  ease  of  controll- 
ing the  number  of  servings  in  pubUc  eating 
places. 

Problems  to  be  solved  include  (a)  selec- 
tion of  varieties  with  suitable  color,  flavor, 
texture,  and  nonbrowning  characteristics, 
as  well  as  those  with  successive  ripening 
seasons;  (b)  selection  of  fruit  of  suitable 
size  and  degree  of  ripeness,  and  without  ob- 
jectionable defects;  (c)  procedure  for  peeling, 
pitting,  slicing,  packaging  and  refrigerating 
to  retain  fresh  qualities;  (d)  determination  of 
desired  sweeteners,  antioxidants,  mold  in- 
hibitors or  other  preservatives  for  the  prod- 
uct; and  (e)  distribution  of  product  without 
loss  of  quality. 

Summary  of  Results 

1.  Peaches  for  refrigerated  fresh  slices 
should  be  of  best  quality.     They  should  be 
freestone,  table  ripe,  medium  to  large,  and 
deep  yellow,  with  minimum  of  red  color. 
They  should  also  be  of  desirable  texture, 
aroma  and  flavor,  and  resistant  to  browning. 

2.  Slices  should  be  prepared  rapidly 
and  chilled  quickly.    Preparation  consists  of 
lye-peeling,  deseeding,  slicing,  packing  in 
containers  with  suitable  medium  and  refriger- 
ating immediately.     Eighteen  combinations 

of  antioxidants  and  microbial  inhibitors,  and 
seven  syrup  concentrations  were  evaluated, 

3.  Glass  containers  were  preferred. 
Tests  with  peach  slices  packed  in  transpar- 
ent  plastic  bags  and  several  sizes  of  glass 
containers  showed  quart  glass  jars  to  be 
preferred.    This  was  because  of  the  ease  of 
displaying  in  stores,  handling  by  purchasers, 
and  serving  in  homes. 

4.  Optimum  syrup  concentration  varied 
with  the  variety  and  degree  of  ripeness. 
Syrup  fvmctions  to  cover  the  sUces  and  pro- 
tect  them  from  oxidation  and  browning,  to 
sweeten  the  product,  and  to  provide  a  medium 
in  which  the  slices  would  neither  swell  nor 
shrink.     The  requirements  of  some  varieties, 
and  degrees  of  ripeness,  is  for  a  syrup  with 
20  percent  soluble  solids,  while  for  others  it 
is  25  percent.    Below  this  range  the  product 
lacked  sweetness,  and  syrups  with  more  than 
30  percent  soluble  solids  causes  the  slices  to 
shrink  and  float. 

5.  Corn  syrup  or  dextrose  may  be  used 
to  replace  sucrose  as  sweeteners.    When 


regular  corn  syrup  or  dextrose  were  used  to 
replace  sucrose  syrup,  they  were  rated  in 
the  following  order  of  preference: 

100  percent  corn  syrup  40°Brix 

100  percent  sucrose  syrup  30°Brix 

66-2/3  percent  sucrose  and 

33-1/3  percent  dextrose  40°Brix 

33-1/3  percent  sucrose  and 

66-2/3  percent  dextrose  40°Brix 

50  percent  sucrose  and  50 

percent  corn  syrup  40°Brix 

50  percent  sucrose  and  50 

percent  dextrose  30°Brix 

66-2/3  percent  sucrose  and 

33-1/3  percent  corn  syrup  30°Brix 

33-1/3  percent  sucrose  and 

66-2/3  percent  corn  syrup  30°Brix 
100  percent  dextrose  30°Brix 

Varieties  responded  dissimilarly  to  corn 
syrup  and  dextrose  replacements.     The  Red- 
globe,  for  example,  was  decidedly  degraded 
by  the  use  of  dextrose,  variety  B-53625  was 
degraded  slightly  by  corn  syrup;  while  Lor- 
ing  was  not  appreciably  affected. 

6.  Benzoate  and  sorbate  are  good  pre- 
s er V ati V esT    In  an  attempt  to  find  a  single 
preservative  or  a  combination  of  two  or  more 
preservatives  that  would  extend  the  shelf-life 
beyond  that  where  no  preservative  was  used, 
four  chemicals  were  used  alone  or  in  combi- 
nations.    Five  varieties,  four  horticultural 
selections,  and  a  blend  of  varieties  were 
used.    It  was  found  that:    (a)  different  varie- 
ties and  selections  responded  differently  to 
the  various  preservative  treatments;  (b) 
combinations  of  sodium  benzoate  and  potas- 
sium sorbate  were  more  effective  than 
diethylpyrocarbonate,  sodium  metabisulfite 
or  combinations  of  these  with  benzoate  and 
sorbate;  (c)  a  mixture  of  equal  parts  by 
weight  of  sodium  benzoate  and  potassium 
sorbate,  used  at  the  rate  of  0,  033  percent 
was  most  satisfactory;  and  (d)  diethylpyro- 
carbonate alone  and  in  combinations  with 
benzoate  and/or  sorbate  was  probably  the 
poorest  preservative.    All  of  the  preserva- 
tives used  at  concentrations  of  0,  05  percent 
or  above  imparted  objectionable  flavors. 

7.  Artificial  sweeteners  may  be  used. 
Experiments  were  run  in  which  50  and  75  per- 
cent  of  sucrose  were  replaced  by  calcium 
cyclamate  in  syrups  to  equal  a  sweetness  of 
40  percent  sucrose.    Also,  90  percent  of  the 
sweetness  in  syrup  45,   50,   55,  and  60  per- 
cent soluble  solids  equivalent  was  supplied 
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by  calcium  cyclamate.    Results  showed  that 
(a)  when  calcium  cyclamate  was  used  to  re- 
place 90  percent  of  the  sucrose  in  50,   55, 
and  60  percent  soluble  solids  equivalent 
syrups,  the  product  was  too  sweet;  (b)  the 
sample  in  which  50  percent  of  the  sucrose 
was  replaced  by  cyclamate  was  rated  high- 
est; (c)  the  samples  where  75  percent  of  the 
sucrose  was  replaced  with  cyclamate  were 
rated  poorest. 


clined  grader  which  gently  rolls  peaches  for 
mechanical  removal  of  small  fruit  and  hand 
removal  of  unsuitable  fruit.    Place  xmder- 
ripe  fruit  in  ripening  room,  or  chill  overripe 
fruit. 


2.     Peel  by  immersing  in  5  percent  lye 
at  210°F.  for  about  30  seconds. 


8.    Use  of  vacuum  to  induce  syrup  pene- 
tration degrades  the  product.    When  the  slices 
were  covered  with  syrup  and  subjected  to  25 
inches  vacuum  or  above,  and  released  im- 
mediately, the  product  became  waterlogged 
and  translucent;  and  it  lost  aroma  and  no 
longer  appeared  fresh.    However,  the  texture 
and  flavor  were  excellent. 


3.    Remove  loose  peel  in  rotary  washer 
using  very  fine  sprays. 


4.     Brush  lightly  with  soft  nylon  brushes 
and  trim  with  knife  to  remove  soft  or  rotten 
spots. 


9.     Pasteurizing  destroys  freshness  of 
sliced  peaches.    While  pasteurizing  the 
slices  after  being  packed  in  glass  jars,  and 
before  refrigerating,  was  an  excellent  means 
of  destroying  yeast  and  mold,  it  caused  the 
slices  to  look  like  canned  peaches  and  were 
not  considered  fresh.     Though  the  flavor  was 
good,  it  was  not  that  of  "fresh"  peaches. 
Heat  (120°-130°F. )  in  combination  with  sodi- 
um benzoate-potassium  sorbate  preservatives 
accelerated  softening  and  fragmentation  of 
slices. 


5.  Rinse  whole  fruit  in  bath  of  0.  5  per- 
cent citric  acid,  0. 15  percent  ascorbic  acid 
and  0.  05  percent  sodium  benzoate. 


6.    Deseed  and  hand  or  machine  slice. 


7.     Fill  jars  with  uniform  weight  of 
sliced  peaches  and  cover  with  syrup  (20°-30' 
Brix). 


10.     Peach  flavor  is  not  improved  by  add- 
ing slices  of  other  fruits.     Fresh  peach  flavor 
has  characteristics  peculiar  to  itself,  and 
efforts  to  accentuate  it  by  adding  slices  of 
pineapple,  orange,  grapefruit,  lemon  and 
cherry,  were  unsuccessful. 


8.     Close  jars  with  15  inches  of 
vacuum. 


9.     Cool  jars  rapidly  to  30°-32°F.  with 
water  or  spray. 


Steps  in  Preparation 

1,     Grade  for  large  size,  uniform  table 
ripeness  and  freedom  from  defects.    Use  in- 


10.     Turn  jars  for  thorough  mixing  and 
store  for  as  long  as  12  weeks. 


FULLFAT  SOY  FLOUR 

by 

E.  L.  Griffin 

Northern  Utilization  Research  and  Development  Division 

Peoria,  Illinois 


The  increasing  world  need  for  inexpen- 
sive high  quality  protein  foods,  has  been 
broadly  indicated,  particularly  for  people  in 
certain  developing  nations.    In  the  United 
States  this  need  immediately  throws  the  spot- 


light on  soybeans  as  the  major  potential 
source.     They  are  the  only  large  U.  S.  crop 
grown  specifically  to  produce  protein  meal 
and  food  oil  and  they  can  be  grown  profitably 
throughout  a  considerable  portion  of  our 
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crop-land  areas.    But  perhaps  more  import- 
ant to  our  farm  and  national  economy  is  the 
fact  that  these  can  be  sold  competitively  in 
world  markets  at  U.  S.  prices.    The  problem 
of  how  best  to  use  soybeans  in  food  will  differ 
from  area  to  area  because  of  differences  in 
national  taste  preference  and  in  basic  food 
needs.     Thus,  supplying  soybean  protein 
products  for  diet  supplementation  in  develop- 
ing countries  presents  quite  a  different  prob- 
lem from  preparing  soybean  products  which 
can  be  sold  competitively  in  the  United  States. 
One  avenue  for  using  soybeans  to  supply  pro- 
tein foods  is  through  full-fat  soy  flour.   This 
product  has  the  simplicity  of  combining  all 
of  the  soybean  protein  and  calories  in  a  single 
product. 


Now  let  us  see  what  "full-fat  soy  flour" 


IS. 


Table  1.  — Typical  Composition  of  Fully 
Toasted  Full- Fat  Soy  Flour 


% 

Protein 

U 

Crude  fat 

20-22 

Carbohydrates 

27 

Minerals 

4.5 

Moisture 

3-5 

Lecithin 

2.5 

Crude  fiber 

2-3 

Granulation 

98  (Thru  100  mesh) 

It  will  include  all  of  the  soybean  except 
the  hull.    It  would  be  suitably  heat  treated, 
toasted,  or  otherwise  processed  to  varying 
degrees  to  destroy  antinutritional  factors 
while  maintaining  its  desirable  nutritional 
characteristics  and,  at  the  same  time,  im- 
proving palatability. 

For  some  uses  where  a  higher  protein 
solubility  is  desired,  relatively  little  heat 
treatment  may  be  applied,  but  such  floxu-s 
are  then  incorporated  into  products  to  be 
baked  or  cooked  before  being  eaten.     For 
general  consumer  applications,  the  fully 
toasted  flour  shown  in  this  table  is  more 
versatile. 

The  soy  protein  contains  a  good  balance 
of  the  amino  acids  essential  to  human  nutri- 
tion and,  in  this  regard,  tends  to  be  compar- 
able to  animal  proteins.    It  is  a  particularly 
good  source  of  lysine  which  tends  to  be  lac"k- 
ing  in  cereal  proteins.    Our  extrusion-cooked 
products  average  about  5.  3  percent  available 


lysine.    Although  the  methionine  content  is 
perhaps  lower  than  would  be  desirable,  this 
lack  tends  to  be  supplied  by  the  proteins  in 
cereals  supplying  carbohydrate  to  the  diet. 
Thus  the  soybean  and  cereal  proteins  can 
complement  each  other  nutritionally. 

The  soybean  fat  ranks  as  a  nutritious 
highly  unsaturated  food  oil.    Of  the  vegetable 
oils  commonly  used  for  food  in  this  country, 
only  safflower  oil  is  more  unsaturated. 

The  carbohydrates  include  about  6  per- 
cent sucrose  and  only  a  trace  of  starch.   The 
bulk  of  the  remainder  is  stachyose  (6  per- 
cent), raffinose  (1.  5  percent),  pentosans 
(5  percent),  and  galactans  (4.  5  percent); 
these  are  of  more  dubious  nutritional  value. 
They,  of  course,  include  the  crude  fiber. 

Incidentally,  this  table  adds  up  to  more 
than  100  percent,  because  the  items  listed 
are  not  additive.    The  lecithin  would  be 
largely  included  as  part  of  the  crude  fat. 

The  flavor  of  full-fat  soy  products  can 
be  relatively  mild  or  bland,  but  it  will  tend 
to  have  some  typical  soybean  characteris- 
tics. 

The  degree  of  fineness  is  optional.   The 
processed  material  would  be  available  as  a 
coarse  product  which  would  have  desirable 
textural  properties  for  some  types  of  foods. 
It  can  be  ground  to  grits  of  various  sizes. 
Here,  however,  I  am  primarily  considering 
the  finely  ground  product. 

This  is  a  highly  concentrated  food.    The 
protein  and  fat  constitute  about  65  percent  of 
the  total  weight  of  the  flour,  and  they  are  of 
particularly  high  nutritional  quality  for  people. 

Why  then  is  this  wonderful  food  not  in  broad- 
er use  ?  A  part  of  the  answer  certainly  lies  in  the 
characteristics  of  the  soybeans  themselves,  but 
the  history  of  their  development  and  the  general 
vinavailability  of  really  good  soy  protein  food 
products  have  been  very  important  factors  also. 

As  late  as  1929  (Figure  1),  production  of 
soybeans  in  the  United  States  was  reported  at  a 
little  less  than  10  million  bushels.  Large  expan- 
sion of  this  crop  has  occurred  only  in  the  last  1 5 
years.  Soybeans  are  now  the  fourth  most  valu- 
ableU.S.  farm  crop.  In  the  early  years,  soy- 
beans were  grown  primarily  as  a  vegetable  oil 
source  with  a  residue  meal  to  be  disposed  of,  but 
as  processing  methods  were  developed  to  yield 
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Figure  l.-U.S.  Soybean  production,  1929-64. 

good  feed  meal  and  as  the  value  of  this  meal  for 
animal  feeds  became  evident,  the  demandf  or 
the  meal  has  increased  so  that  it  now  tends  to 
exceed  the  demand  for  the  oil. 

The  feed  meals  are  not  siifficiently  palat- 
able for  human  foods.    Americans  have  there- 
fore tended  to  consider  soybean  meals  only  as 
animal  feed.    During  the  last  war,  some  soy 
flours  were  produced  for  food  use,  but  these 
do  not  appear  to  have  been  ideal  products  and 
apparently  they  were  frequently  misused.    It 
has  only  been  relatively  recent  that  really 
good  food  products  have  become  commercially 
available. 

Americans  as  a  whole  are  still  not  ac- 
customed to  soybean  protein  products.     Few 
if  any  American  foods  exist  which  make 
major  use  of  soybean  proteins  in  a  recogniz- 
able form,  although  sufficient  varied  specialty 
use  has  been  made  to  demonstrate  their  food 
value.    Such  uses  include  special  vegetarian 
protein  foods,  weight  control  beverages,  soy 
milk  for  allergic  babies,  and  other  special 
dietary  foods. 

A  number  of  soy  flours  and  grits  con- 
taining varying  amoimts  of  fat  are  now  mar- 
keted to  contribute  desired  physical  charac- 
teristics in  U.  S.  foods.    These  products  are 
generally  quite  good.     They  are  used  in  many 
foods  where  their  functional  properties  can 
improve  the  product  with  relatively  small 
additions.    By  holding  moisture  in  baked 
goods,  they  retard  staling  and  maintain  soft- 


ness; they  seal  out  excessive  oil  during  fry- 
ing as  in  doughnuts;  they  improve  dough  hand- 
ling properties;  and  they  provide  an  emvilsify- 
ing  action  which  stabilizes  processed  meats. 
If  you  read  the  content  label  on  cooky  and 
cracker  boxes  you  will  probably  be  surprised 
at  the  number  ttiat  list  soy  flour. 

In  these  and  similar  uses,  the  soy  flour 
or  grit  is  completely  submerged  and  is  not 
recognized  as  a  soy  product. 

Emphasis  is  on  a  "bland"  flavor,  and 
any  flavor  contribution  at  all  is  considered 
undesirable.    This  leaves  us  with  the  Alice- 
in- Wonder  land  desire  that  the  soy  flour  shall 
taste  like  what  we  want  it  to  taste  like.    In 
baked  goods  it  should  taste  like  wheat;  in  a 
beverage,  it  should  taste  like  cow's  milk; 
and  in  a  meat  product,  it  should  taste  like 
the  meat  used.    This  is  of  course  not  possi- 
ble, but  in  small  additions  the  flavor  contri- 
bution is  minimal. 

For  the  broadest  use  of  soy  protein,  we 
need  to  gain  some  acceptance  of  a  mild  char- 
acteristic flavor  in  soy  protein  products,  and 
this  must  include  the  development  of  desir- 
able consumer  foods  compatible  with  this 
flavor. 

We  cannot  assume  that  peoples  in  need 
of  protein  supplementation  in  their  diet  will 
prefer  the  types  of  food  we  desire.    On  at 
least  one  isolated  occasion,  several  Africans 
indicated  a  preference  for  a  soy  beverage 


46 


over  a  reconstituted  skim  milk,  and  it  has 
been  indicated  that  accepted  favorite  Ameri- 
can flavorings  may  not  be  universally  desir- 
able to  other  peoples. 

Introduction  of  foods  of  an  unfamiliar 
type  can  be  expected  to  take  considerable 
time  for  acceptance,  perhaps  generations, 
but  any  volimtary  use  is  a  springboard  from 
which  more  acceptable  and  desirable  food 
forms  may  evolve  and  greater  acceptance 
can  develop  through  continued  use.    Use  in 
feeding  young  children  should  be  an  excellent 
method  for  at  least  accustoming  these 
children  to  soy  protein  foods. 

Getting  back  again  specifically  to  full- 
fat  flours  at  least  two  companies  now  sell 
these  products  in  the  United  States,  and  I 
believe  they  are  pretty  good  food  products. 
I  am  not  aware  that  they  are  widely  adver- 
tised or  distributed  to  consumers,  but  per- 
haps there  is  relatively  little  need  or  in- 
sufficient recipes  using  them  available  to 
interest  many  consumers,  and  they  cer- 
tainly are  not  traditional  American  foods. 
This  leaves  a  broad  opening  to  develop 
American  markets. 

However,  our  recent  interest  in  full-fat 
soy  flours  at  the  Northern  Regional  Research 
Laboratory  has  been  aimed  initially  in  a  some- 
what different  direction.    Several  years  ago, 
we  were  contacted  by  Max  Milner  with  regard 
to  the  development  of  a  small-scale  soy  flour 
production  method  for  UNICEF.     They  were 
particularly  interested  in  a  practical  process, 
which  could  be  carried  out  near  the  point  of 
use  in  various  areas  of  the  developing  coun- 
tries where  supplementary  protein  food  are 
needed.    Full -fat  soy  flour  looks  most  prom- 
ising for  their  purpose  because  it  makes 
maximum  use  of  the  soybeans  and  because 
it  can  be  formulated  into  a  beverage  of  po- 
tential value  in  feeding  yo\ing  children. 

Following  their  request  we  set  out  to  ex- 
plore the  possibility  of  extrusion  cooking  as 
a  major  step  in  the  process.     The  results  of 
our  preliminary  test  run  in  cooperation  with 
Wenger  Mixer  Manufactiiring,  at  Sabetha, 
Kansas,  were  so  promising  that  UNICEF 
financed  a  full-scale  series  of  tests  in  col- 
laboration with  oxir  Laboratory  and  Wenger, 

Complete  facilities  for  production  tests 
on  industrial- size  equipment  were  not  avail- 
able at  any  one  location,  and  product  testing 
reqmred  the  facilities  of  many  types  of 


laboratories.     The  facilities  of  over  20  com- 
panies and  institutions  were  used  for  the  pro- 
cessing and  testing. 

In  developing  a  system  for  the  cooking  of 
whole  fat  soybeans,  the  objectives  were:    (1) 
to  achieve  a  cooked  soy  flour  product  with  a 
high  biological  value;  (2)  to  cook  the  beans 
adequately  to  control  the  growth  inhibitors 
found  in  soybeans;  (3)  to  produce  a  bland  and 
palatable  product  which  should  be  substanti- 
ally free  from  unpleasant  bitterness  or  beany 
taste,  and  (4)  to  produce  a  product  with  ade- 
quate shelf  life  without  refrigeration. 

The  process  is  carried  out  as  shown  in 
figure    2.     The  beans  are  cracked,  dehulled, 
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Figure  2.— Continuous  extrusion  process  for  the  production  of 
full-fat  soybean  flour. 

and  flaked  or  grovind  to  a  grit.    They  are 
then  preconditioned  with  open  steam  injected 
to  add  water  and  heat,  extrusion-cooked, 
cooled,  dried,  and  milled  to  the  desired  de- 
gree. 

For  the  production  and  evaluation  tests 
9  tons  of  soybeans  were  dehulled  and  flaked 
to  approximately  0. 010-inch  thickness. 
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These  were  extrusion-cooked  in  a  series  of 
12  tests  in  which  moisture,  temperature, 
and  retention  times  were  varied  to  establish 
desirable  operating  conditions. 

Figure  3  shows  the  arrangement  of  the 
extruder  cooker  assembly.    Flakes  were 


Throughput  was  approximately  70  lbs. 
per  minute.     This  provided  a  retention  time 
in  the  preconditioner  and  mixer  of  approxi- 
mately 3  minutes. 

The  extruder -cooker  used  had  the  config- 
uration shown  in  figure  4.    It  is  a  Wenger 
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Figure  3.— Equipment  layout  for  preconditioning,  extrusion,  cooling  and  drying  steps. 


received  with  an  average  of  9.  0  percent 
moisture,  and  it  was  anticipated  that  the 
preconditioner  would  add  approximately  9 
percent  as  steam,  bringing  the  product  up 
to  18  percent  moisture  on  extrusion.    Or  by 
adcJing  3  percent  extra  moisture  to  the  origin- 
al flakes,  total  moisture  at  time  of  extrusion 
was  raised  to  about  21  percent. 


production  model.     The  screw  forces  the 
meal  through  the  unit  from  right  to  left  build- 
ing up  pressure  and  temperature  in  several 
stages  separated  by  the  two  internal  dies. 
Maximum  temperature  is  reached  in  the  cone 
nose  section  just  before  final  extrusion  to 
atmospheric  pressure.     The  first  two  seg- 
ments are  steam  jacketed,  but  heating  is 
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Figure  4.— Extruder  screw  standard  configuration. 

accomplished  primarily  by  mechanical  fric- 
tion of  the  screw  on  the  material,  particular- 
ly in  the  final  section.    Retention  time  in  the 
extruder  shown  here  was  1  minute.    A  reten- 
tion time  of  1-1/2  minutes  was  obtained  by 
adding  a  fourth  segment,  Uke  the  central 
section.    During  extrusion,  oil  is  expelled 
and  freed  from  the  cells  but  as  the  beans 
extrude  from  the  final  die  plate  the  oil  is 
immediately  reabsorbed  in  the  meal.    Free- 
ing of  the  oil  from  the  cells  should  make  it 
readily  available  for  nutrition. 


Figure  5  is  a  temperature  profile  of  the 
cooking  process.     Temperature  rose  to  about 
200-2 10° F.  during  preheating  and  to  210- 
220°  F.  in  the  mixer.    Extrusion  tempera- 
tures between  242  °  and  290°  F.  were  obtained. 
Satisfactory  products  were  produced  through- 
out this  range  but  the  higher  temperatures 
tended  to  give  improved  flavor  scores. 

The  product  was  cooled  and  dried  on  a 
continuous  horizontal  belt  cooler.     For  pre- 
paration of  test  samples  the  grits  were 
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vacuum  dried  to  approximately  4  percent 
moisture.    A  laboratory- size  smooth  roller 
mill  at  the  Northern  Laboratory  then  success- 
fully milled  this  product  to  a  flour  of  95  per- 
cent through  100  mesh.    Large  samples  for 
clinical  testing  programs  were  predried  and 
milled  on  an  industrial-size  pin  mill  which 
had  a  large  capacity  airswept  chamber. 
Flour  with  98  percent  through  a  100-mesh 
sieve  was  obtained. 

You  will  note  that  in  this  process  the 
beans  are  held  at  elevated  temperatures  for 
little  more  than  2  minutes  as  contrasted  to 
conventional  commercial  soybean  feed  meal 
toasting  at  about  212°F.  for  30-45  minutes. 

The  short  cooking  times  with  extrusion 
cooking  minimize  damage  to  nutritional  pro- 
perties but  adequate  removal  of  growth  in- 
hibitors was  obtained  as  reflected  in  table  2 

Table  2.  --Removal  of  Growth  Inhibitors 

Urease  activity,  pH  change  0-0.  06 

(Caskey-Knapp) 
Trypsin  inhibitor  assay,  95. 1-99. 1 

%  inhibitor  destroyed 

by  the  trypsin  inhibitor  and  the  urease  activi- 
ty assays.    All  representative  products  ana- 
lyzed 95  percent  or  higher  of  trypsin  inhibit- 
or destroyed  and  had  very  low  to  zero  urease 
activity. 

Assays  were  made  for  thiamin,  riboflav- 
in, and  niacin  on  the  uncooked  flalces  and  on 
two  of  the  products  (table  3).     There  was  no 

Table  3.  --Vitamin  Analysis 


Thia- 

Ribo- 

min 

flavin 

Niacin 

micrograms  per  gram 

Original  flakes 

9 

2.9 

50 

Extruded  F.  F. 

flours 

Test  A 

9.9 

3.1 

63.0 

Test  H 

9.5 

2.9 

47.0 

significant  loss  of  these  materials  during 
processing. 

Feeding  tests  with  broiler  chicks  at  the 
University  of  Maryland  for  4.  5  weeks  showed 
the  extruded  product  to  be  about  equal  to  a 
good  quality  commercial  full-fat  soy  flour  or 
to  a  defatted  flour  reconstituted  with  soybean 


oil  both  in  promoting  growth  and  in  efficiency 
of  feed  conversion  (table  4).    In  these  tests, 
1,  400  broiler  chicks  were  maintained  in 
floor  pens  and  fed  rations  containing  identical 
levels  of  protein  and  fat  from  the  three  prod- 
ucts.    Supplementation  studies  with  methio- 
nine showed  about  equal  improvement  in  each 
case.    Considering  the  varied  sources  of  the 
meals  these  test  results  are  all  quite  close 
together. 

The  soluble  protein  or  nitrogen  solubili- 
ty index  (NSI)  reflects  the  degree  of  heat 
treatment  received  by  the  product.     Figure  6 
plots  the  NSI  against  temperature  reached  in 
the  extruder  cone  nose  section.     The  values 
ranging  from  13  to  21  show  a  very  rough  in- 
verse trend  with  maximum  temperature, 
lower  protein  solubility  being  associated 
with  higher  temperature.     The  line  con- 
structed by  the  method  of  least  squares  gen- 
erally confirms  this  trend. 

While  a  higher  NSI  value  may  give  desir- 
able functional  properties  for  use  in  certain 
products  such  as  doughs,  the  product  at 
15-20  NSI  has  more  general  potential  for  use 
in  consumer  foods  where  it  may  be  employed 
with  or  without  additional  cooking.    When 
mixed  with  hot  water  it  forms  a  dispersion 
and  remains  reasonably  well  dispersed  for 
a  period  of  several  days.     The  texture  of 
this  beverage  is  fairly  smooth,  but  less  so 
than  fresh  cow's  milk. 

In  organoleptic  evaluations  by  the  North- 
ern Laboratory  taste  panel  the  extrusion- 
cooked  flours  scored  relatively  high  with  re- 
gards to  blandness  of  flavor  and  were  not 
bitter  or  rancid.     They  compared  very  favor- 
ably with  a  commercial  soy  flour.    Acceler- 
ated storage  tests  were  conducted  at  100°  F, 
and  113  °F,  for  up  to  9  months.    At  the  higher 
temperatures,  good  stability  was  exhibited 
through  the  first  9  weeks.    At  100° F,  good 
stability  was  indicated  throughout  the  entire 
9  months  period  as  determined  by  odor, 
taste,  free  fatty  acid,  and  peroxide  value 
tests.    Extrapolation  of  this  data  by  previ- 
ous experience  to  70°  F,  storage  indicates 
that  the  extruded  flours  should  have  good 
stability  for  1  to  2  years, 

UNICEF  has  sent  approximately  a  ton  of 
the  full-fat  flour  from  these  tests  to  Taiwan 
and  Indonesia  where  it  has  been  formulated 
and  packaged  for  clinical  and  acceptability 
testing  in  infant  feeding  programs.    In  these 
tests  it  is  formulated  with  sugar  and  supple- 
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Table  4.  --Results  Obtained  with  Growing  Broiler  Chicks  Maintained 

in  Floor  Pens  and  Fed  Rations  Containing  Identical  Levels  of 

Protein  and  Fat  from  Soybeans 


Added 
Methionine 

Control  Soybean 

Oil  Meal 

+  Soybean  Oil 

Commercial 
FuU-Fat 
Soy  Flour 

Extruded 
Full- Fat 

%i^ 

Soy  Product 

Ave.  4.  5 -Week  Body  Weight,  g. 

0.073 
0.145 

606                              589 
650                               627 
678                               646 

613 
625 
653 

Feed  Consumed/Unit  Weight  (0-4.  5  wk 

.) 

0.073 
0.145 

1.57                             1.65 
1.  54                             1.  62 
1.50                             1.53 

1.58 
1.52 
1.50 

\j  Basal  ration  contained  34.35%  dehulled  soybean  meal  (48.43—  protein),  1.47%  fat,  and  52.92%  corn 
as  only  protein  sources.    Rations  calculated  to  contain  21.4%  protein. 
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Figure  6.— Effect  of  extruder  temperature  on  nitrogen  solubility  index. 

mentary  vitamins  and  fed  to  children  up  to 
about  12  months  old  in  comparison  with  vari- 
ous milk  and  vegetable  protein  products. 

Reports  from  Dr.   Tung  in  Taiwan  have 
indicated  our  full-fat  soy  flours  give  excellent 
growth  and  development  in  infants  as  yoving  as 
4  months.    Results  have  been  virtually  com- 
parable to  those  obtained  by  feeding  cow's 
milk. 


The  Food  Quality  Laboratory  of  the  Hu- 
man Nutrition  Research  Division  at  Beltsville 
has  been  studying  the  use  of  some  of  this 
same  extrusion-cooked  full-fat  soy  flour  in 
various  food  products,  including  biscuits, 
cookies,  noodles,  tortillas,  unleavened 
bread,  and  yeast  bread.    Mrs.  Georgia  C. 
Schlosser,  who  is  in  charge  of  this  work, 
reports  they  are  pleased  with  their  pre- 
liminary test  products. 
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The  results  of  these  processing  and  food 
studies  indicate  that  a  full -fat  soybean  flour 
of  high  nutritive  value,  mild  flavor,  and 
good  oxidative  stability  can  be  produced  by 
the  extruder -cooking  process.    Growth  in- 
hibitors are  effectively  destroyed,  while  the 
heat -labile  amino  acids,  vitamins,  and  other 
nutrients  are  preserved.     The  process  large- 
ly removes  objectionable  taste  characteristics 
as  shown  by  good  taste  panel  acceptance 
scores.     These  studies  were  carried  out  in 
commercial- scale  equipment  which  is  highly 
compact  for  its  capacity  due  to  the  very 
short  retention  period.     The  process,  there- 
fore, could  be  incorporated  into  a  compact 
high  efficiency  processing  unit  for  installa- 
tion in  the  developing  countries  as  desired 
by  UNICEF. 

This  brings  us  up  to  the  present.  Our 
studies  on  full-fat  flour  production  are  con- 
tinmng  xmder  Agency  for  International  De- 
velopment (AID)  sponsorship  as  a  part  of  a 
larger  project  examining  soybean,  cotton- 
seed, and  peanut  proteins  as  human  foods. 

Our  part  of  this  project  has  two  phases, 
the  first  calls  for  optimizing  the  extrusion- 
cooking  process,  and  the  second  phase  will 
develop  simpler  processing  methods  requir- 
ing less  complicated  equipment  to  produce 
high-quality,  full -fat  soy  flour  than  that  cur- 
rently used  or  proposed  for  the  cooker - 
extrusion  process.     The  exact  assembly  of 
equipment  will  depend  on  the  production 
scale  desired  and  the  state  of  technology 
in  the  country  for  which  the  unit  is  intended. 
This  approach  presumably  could  accept  a 


considerable  amount  of  hand  labor  and  time- 
consuming  operations  which  would  be  vmeco- 
nomic  in  the  United  States. 


Initial  studies  for  this  simplified  process 
are  considering  cooking  methods.    Possible 
cooking  processes  include  open  steaming, 
water -immersion  cooking,  and  dry  heat  or 
roasting. 


Preliminary  studies  show  that  high-ini- 
tial moisture  greatly  speeds  the  cooking  rate. 
Thus  soaking  the  beans  in  water  overnight 
greatly  reduces  the  steaming  or  immersion- 
cooking  time  required  to  destroy  urease  ac- 
tivity and  fully  cook  as  indicated  the  moisture 
to  60  to  70  percent.    Indications  are  that  tam- 
pering to  some  lower  moisture  content  may 
allow  an  adequate  cooking  rate  and  this  com- 
bined with  control  of  the  water  absorbed  dur- 
ing cooking,  for  example  by  steaming  or 
roasting,  may  be  found  practical.    Work  is 
continuing  to  determine  optimum  cooking 
conditions. 


Finally,  I  would  like  to  re-emphasize 
what  appears  to  me  to  be  the  greatest  single 
need  in  the  development  of  soybean  protein 
foods.     This  is  the  development  of  low -cost 
foods  that  are  not  only  passively  acceptable 
to  people,  but  that  are  sufficiently  good  that 
with  familiarity,  people  can  come  to  actively 
desire  them.     To  accomplish  this,  a  full-fat 
product   makes   the   most   direct   and 
complete   use   possible   of   the   nutritional 
value   of   the    soybean. 


THIRD  SESSION:    Chairman,  W.  M.  Roberts,  North  Carolina  Experiment  Station 

SOME  ECONOMIC  EFFECTS  OF  FREEZE-DRYING 

by 

K.  Bird 

Economic  Research  Service 

Marketing  Economics  Division 

Washington,  D.  C. 


Economics  is  the  study  of  how  resources 
are  used  to  satisfy  man's  wants.     Freeze- 
drying  is  a  new  food  processing  method  that 
produces  a  high  quality  dried  food.    Here  we 
discuss  how  freeze-drying  satisfies  some 
human  wants,  what  these  wants  are,  and 
which  and  how  many  resources  are  used  to 
this  end. 


Before  we  get  into  the  subject  of  re- 
sources to  be  used  in  the  neophyte  freeze- 
drying  industry,  we  first  discuss  how  freeze- 
drying  differs  from  other  drying  methods. 
We  tell  a  little  about  some  of  the  newer 
foods  coming  on  the  market  and  briefly  out- 
line the  processing  cost  situation.     Then, 
we  describe  some  advances  being  made  in 
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drying  techniques.    Following  that,  we  dis- 
cuss present  and  futvure  volumes  of  freeze- 
dried  food  production.    Using  them  as 
stepping-off  points,  we  analyze  substitution 
and  complementary  effects  of  these  food 
items. 

How  Freeze-Drying  Differs  from  Other  Dry- 
ing  Methods 

We  assume  that  most  of  us  understand 
the  basic  mechanics  involved  in  freeze-dry- 
ing  (1).    Briefly,  the  process  is  one  in  which 
a  frozen  food  is  placed  in  a  vacuum  chamber 
in  which  pressure  is  lowered  to  pressures  as 
low  as  300  to  500  microns.    In  a  low-pressure 
atmosphere,  such  as  this  one,  the  phenomen- 
on of  sublimation  takes  place.     This  means 
that  the  ice  in  the  food  can  go  directly  from 
the  solid  state  to  a  gaseous  vapor.    We  find 
this  taking  place  naturally,  and  Sam  Tease 
of  Strokes  likes  to  use  this  clothesline 
example:   In  the  North  in  the  winter,  house- 
wives hang  their  laundry  outside  on  their 
clotheslines.    Because  of  be  low -freezing 
temperatures,  these  sheets  and  shirts  may 
freeze  and  get  as  stiff  as  boards.  Later,  as 
the  wind  blows  through  them,  the  ice  trans- 
forms to  water  vapor  and  there  is  no  dripping 
nor  melting.    After  the  items  of  clothing  are 
dry,  they  still  look  hard  and  frozen,  but 
actually  are  now  soft  and  porous. 

This  same  thing  happens  to  foods  in  a 
freeze-drier.    When  ice  has  disappeared 
from  the  foods,  they  are  left  spongeUke  and 
porous.    They  look  somewhat  like  the  initial 
frozen  product  insofar  as  shape  and  size  are 
concerned.    But  they  are  much  Lighter  in 
weight  for  now  they  contain  only  about  two 
percent  water.    They  are  so  dry  as  to  be 
brittle.    Generally,  their  color  lightens, 
but  returns  to  normal  when  water  is  added 
during  rehydration,    A  few  flavors  and  nutri- 
ents are  lost  during  freeze -drying,  but  these 
losses  are  negligible  when  compared  with 
losses  occurring  with  most  of  other  drying 
methods. 

In  the  more  usual  methods  of  drying, 
water  evaporates  from  a  liquid  to  a  gas. 
When  water  evaporates  from  its  liquid  state, 
it  carries  with  it  oils  which  contain  flavor 
solids  in  solution.     These  soluble  flavor 
solids  and  nutrients  travel  from  the  interior 
of  the  product  to  the  surface  of  the  food  where 
they  may  be  deposited  on  the  surface  of  the 
dried  food  item.    Shrinkage  simultaneously 
takes  place  as  the  moisture  migrates  and  the 


cell  structure  collapses.  Consequently,  the 
dried  product  may  become  "case-hardened.  " 
On  the  product  surface,  these  salts  and  oils 
have  solidified  and  form  a  moisture -re  si  st- 
ing barrier.  They  are  difficult  to  rehydrate 
and  most  times  will  not  come  back  to  their 
original  state. 

The  most  important  difference  between 
freeze-drying  and  other  drying  methods  is 
that,  although  both  are  water  removal 
methods,  freeze-drying  uses  sublimation 
and  the  rest  use  evaporation.    Sublimation 
is  the  secret  to  the  high-quality  foods  pro- 
cessed. 

Cost  of  Processing 

We  currently  hear  discussion  about  costs 
of  freeze-dry  processing  as  more  and  more 
firms  put  products  on  the  market.    By  far 
the  most  comprehensive  and  complete  cost 
study  has  been  our  own  in  Agriculture,  the 
one  we  released  to  the  public  a  little  over  a 
year  ago  (2).    That  publication  had  as  one 
objective  fo  anticipate  what  costs  of  process- 
ing would  be,  for  various  sized  firms,  under 
given  conditions.    It  was  shown  that  a  plant 
having  a  capacity  of  removing  four  tons  of 
water  per  24-hour  day  could  expect  costs 
ranging  from  8  to  14  cents  per  pound  of 
water  removed,    (This  was  for  chicken  on 
an  eight-hour  drying  cycle.    Products  such 
as  strawberries,  with  longer  drying  cycles 
and  more  limited  tray  loading,  would  have 
costs  considerably  higher, )    These  cost  pro- 
jections were  collected  two  to  two  and  one- 
half  years  ago,  at  a  time  when  the  industry 
was  much  newer  than  it  is  at  present.    How- 
ever, even  now  they  appear  to  be  fairly  ac- 
curate estimates  of  the  processing  costs  in- 
volved in  freeze-drying.    We  made  a  few 
errors  in  estimating  input  factors,  and  most 
of  them  had  the  effect  of  portraying  costs  too 
low — about  five  to  ten  percent  lower  than  they 
should  be.    In  spite  of  these  criticisms,  they 
are  fairly  close  cost  projections. 

I  have  recently  observed  some  bid  prices 
of  new  freeze-drying  equipment  for  a  medium- 
sized  plant  of  3,  000  to  5,  000  square  feet  of 
shelf  area.    Bids  ranged  from  about  $128.  00 
per  square  foot  of  shelf  area  to  $170.  00.    Our 
estimates  in  the  above-mentioned  publication 
were  $150.  00  per  square  foot  of  drying  sheH 
area  for  a  plant  of  2,  000  square  feet,  $145,  00 
per  square  foot  for  a  plant  with  4,  000  square 
feet  of  shelf  area,  and  $130.  00  per  square 
foot  for  a  plant  with  8,  000  square  feet  of  shelf 
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area.     Thus,  our  equipment  estimates  were 
fairly  close  to  present  conditions.    Other  in- 
put costs  were  equally  satisfactory. 

As  a  generalization,  I  would  say  that 
most  freeze-drying  processors'  costs  are 
now  in  the  range  of  $0,  15  to  $0.  30  per  pound 
of  water  removed.     This  would  be  equivalent 
to  10-1/2  to  21  cents  per  pound  of  frozen  in- 
put product,  or  35  to  70  cents  per  pound  of 
dried  food.     These  estimates  are  borne  out 
by  current  charges  of  some  custom  freeze- 
drying  plants  that  charge  18  to  26  cents  per 
pound  of  incoming  frozen  product.    Of  course, 
processing  costs  vary  considerably  from  one 
product  to  another,  with  scale  of  the  plant, 
and  how  many  hours  per  year  a  processor  can 
operate  his  plant.    It  should  be  mentioned  too, 
that  my  estimated  processing  costs  are  much 
higher  than  most  of  those  now  being  quoted. 
However,  when  I  see  processing  costs  in  the 
range  of  two  to  five  cents  per  pound  of  water 
removed,  my  first  thought  is  that  someone 
has  dropped  a  decimal  point.    Under  present 
conditions,  costs  that  low  seem  quite  un- 
realistic.   Drying  cycles  for  many  products 
are  20  hours  or  longer,  and  with  just  one  dry- 
ing cycle  per  day,  no  matter  what  other  eco- 
nomies are  put  into  effect,  costs  are  going  to 
be  at  a  high  level.    Later  we  will  discuss 
some  of  the  newer  drying  techniques  that 
may  help  to  lower  future  drying  costs. 

New  Freeze-Dried  Foods 

One  of  the  most  interesting  aspects  of  the 
freeze-drjdng  industry  is  the  new  foods  cur- 
rently being  tried  on  the  market.     This  area 
is  little  understood  for  few  facts  are  avail- 
able to  the  public.     Secrecy  is  involved  in 
market  testing,  and  is  considered  necessary 
to  carry  out  a  successful  test.     This  is  prob- 
ably true.    In  market  testing  of  new  products 
it  is  extremely  difficult  to  assess  the  product 
appeal  as  versus  the  appeal  of  the  package, 
the  brand  name,  or  even  the  promotional  pro- 
gram being  used. 

At  present,  there  are  at  least  three 
freeze-dried  coffees  being  market  tested  in 
the  United  States  by  three  different  companies. 
There  are  several  soluble  freeze-dried 
coffee  plants  under  construction  (one  in 
Texas  and  one  in  Florida)  so,  later  this  year 
there  may  be  five  companies  freeze-drying 
coffee  on  this  continent.    Brazil  seems  to  be 
a  natural  location  for  soluble  coffee  drying 
plants,  and  there  are  several  plants  being 
planned  for  location  there.    In  Europe,  too, 


freeze-dried  coffee  is  attracting  much  atten- 
tion.   One  plant  is  being  built  in  Spain  and 
one  in  France,     Probably  other  European 
ones  are  being  built  or  are  in  the  drawing 
board  stage. 

Next  to  coffee,  probably  no  freeze-dried 
items  have  created  more  interest  in  the  U.  S. 
freeze-drying  industry  than  the  fruits  and 
berries.    One  prominent  food  processor  tried 
strawberries  with  a  breakfast  cereal.   This 
same  company  then  followed  this  market  test 
with  peaches  in  a  cereal.     Later,  freeze-dried 
blueberries  were  tested  in  cereals.     Little 
information  is  available  on  the  results  of 
these  tests,  but  apparently  they  were  success- 
ful, for  a  competitive  company  has  now  been 
market  testing  its  own  fruits  with  cereal.    A 
third  cereal  company  is  market  testing 
freeze-dried  blueberries  in  muffin  mixes. 
While  on  the  subject  of  dried  blueberries,  we 
might  mention  that  the  explosive  puff-dried 
blueberries  (developed  by  USDA)  are  a  fine 
product  for  uses  where  the  berry  needs  to  be 
cooked.     They  do  not  readily  rehydrate  if 
not  heated  though.    However,  their  process- 
ing costs  are  much  lower  than  freeze-drying 
processing  costs. 

Another  fruit  of  interest  in  the  cereal 
market  is  freeze-dried  bananas.     These  are 
presently  being  market  tested  by  one  com- 
pany and  at  least  two  other  companies,  one 
in  the  United  States  and  one  in  Brazil,  are 
gearing  up  for  production.     Banana  powders 
and  flakes,  as  well  as  slices,  are  of  interest 
on  the  freeze-dried  basis. 

A  large  dairy  company  has  been  testing 
omelets  that  contain  freeze-dried  ham  and 
mushrooms.    Because  Americans  are  not  so 
"omelet-minded"  as  Europeans,  these  may 
not  be  so  popular  as  one  might  expect.     This 
same  company  now  market  tests  some  freeze- 
dried  entree  products  and  sauces.     The  meat 
company  that  had  a  group  of  entrees  on  mar- 
ket test  has  discontinued  them  as  well  as  its 
mushrooms  tailored  for  household  use.  One 
leading  soap  company  has  a  group  of  freeze- 
dried  dinners  on  the  market.     Sales  are  said 
to  be  good  and  are  expected  to  improve.    A 
large  tomato  product  company  now  has  freeze- 
dried  dinners  and  sauces  designed  and  ready 
for  market  testing  late  this  spring.     There 
seems  to  be  a  definite  trend  towards  putting 
cooked,   seasoned,  and  fully  prepared  dinner 
and  breakfast  items  on  the  market.     Food 
processors  keep  probing  the  market  to  deter- 
mine areas  where  freeze-dried  foods  appear 
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to   have    the   greatest   chance    of   suc- 
cess. 

There  appears  to  be  a  decided  trend 
towards  using  the  flexible -pouch  package. 
The  only  rigid  containers  now  on  the  retail 
grocery  shelves  are  the  one  brand  of  dried 
soup  in  an  extruded  aluminum  can,  chives 
in  glass  jars,  and  the  soluble  coffee  in  jars. 
At  the  institutional  and  remanufacturing 
levels  the  can  and  drum  are  still  prevalent 
and  widely  used.    Incidentally,  chives  ap- 
pear to  have  successfully  gone  through  the 
market  testing  stage  and  are  now  in  almost 
nationwide  distribution.    At  least  four  pro- 
cessing companies  are  now  or  have  been 
drying  them,  and  several  companies  are 
marketing  them.    Sales  of  cottage  cheese 
are  widely  distributed  and  may  attain 
nationwide  sales  this  year. 

So  far  as  I  know,  freeze-dried  ice 
cream  has  not  yet  reached  the  market  test 
stage.    It's  so  novel  and  unusual,  though, 
that  I  predict  that  several  firms  will  have 
sufficient  interest  to  test  it. 

Many  other  new  and  different  freeze- 
dried  items  are  still  in  the  laboratory  or 
very  beginning  stages  of  development. 
Strawberries  or  cherries  as  fillers  in 
candy  seem  to  have  possibilities.     Freeze- 
dried  beer  and  wine  have  long  been  novelties 
and  as  costs  of  processing  decline  may  have 
a  market  potential.    One  processor  is  drying 
squid  on  a  commercial  basis.     This  is  for  a 
specialized  market.    Others  are  drying 
shrimp  for  fishermen  to  use  as  bait.  Soluble 
freeze-dried  tea  has  not  yet  reached  the  mar- 
ket testing  stage  in  the  United  States,  but  I 
feel  it  only  a  matter  of  time  until  it  does. 
It's  now  a  commercial  product  in  England. 
In  Europe  leeks  and  several  other  new  vege- 
tables are  now  being  dried  in  fairly  large 
quantities.     This  is  in  addition  to  vegetables 
that  have  been  dried  commercially  for  sever- 
al years.    Dairy  products,  too,   seem  to  be 
more  popular  on  the  Continent  than  here  in 
the  United  States. 

Advances  in  Drying  Techniques 

Although  most  freeze-dried  foods  now 
require  cycles  of  8  to  24  hours,  changes 
now  under  investigation  may  shorten  the 
cycle.    A  new  microwave  system  is  designed 
to  be  used  in  freeze-drying  cabinets  during 
the  latter  phases  of  drying.     This  heat  appli- 
cation method  allows  up  to  5  pounds  of  food 


to  be  loaded  per  square  foot  versus  the  usual 
2  to  3  pounds.     Cycle  times  may  be  reduced 
from  8  to  4  hours.    As  a  result  of  improved 
efficiency,  total  equipment  investment  may 
be  reduced  by  about  one-third  and  will  appre- 
ciably lower  drying  costs. 

Another  innovation  of  the  future  is  the 
continuous  dryer.    Drying  plants  are  now 
getting  large  enough  to  where  multiple 
chambers  may  no  longer  be  the  most  practic- 
al and  economical  means  of  drying.    As 
products  become  more  standardized  it  is 
easier  to  design  a  continuous  plant.     The 
system  will  work  best  with  dices,  powders, 
or  liquids.    In  coffee,  for  instance,  a  con- 
tinuous plant  seems  indicated.    Savings  in 
heating  up,  drying  out,  and  lowering  pres- 
sures are  possible.     Usually  these  functions 
are  geared  to  cycles  and  are  eliminated  in  a 
continuous  plant.    Material-handling  savings 
are  also  possible  and  more  easily  attainable 
when  we  consider  the  flow  concept  rather 
than  the  batch  idea. 

Some  changes  come  about  in  an  evolu- 
tionary way.     For  example,  vapor  removal 
from  a  cabinet  has  always  been  a  key  prob- 
lem.    Putting  the  condenser  plates  in  the  dry- 
ing cabinet  itself,  or  putting  them  in  an  ad- 
jacent cabinet  with  a  very  large  opening  be- 
tween them  seems  to  be  a  gradual  change.  If 
this  latter  type  equipment  has  an  auxiliary 
condenser,  the  large  condenser  may  be  de- 
frosted while  the  cycle  is  in  progress.     This 
and  other  ideas  help  to  cut  down  on  the 
"between  cycle"  or  "down  time".    Other 
ideas  that  help  cut  down  the  down  time  in- 
clude having  doors  on  both  ends  of  the  cabi- 
net, having  a  tray  cart  on  wheels,  or  having 
a  tray  cart  hung  from  a  monorail.    Most 
ideas  of  this  type  increase  investment,  lower 
the  amount  of  labor  needed,  and  help  overall 
efficiency. 

Present  and  Future  Volumes  of  Freeze- 
Dried  Foods 

Because  of  the  confidential  nature  of  the 
market  tests  now  being  conducted,  estimates 
of  freeze-drying  volumes  are  difficult  to  make. 
Recently,  I  have  calculated  that  the  1964  vol- 
umes of  freeze-dried  foods  were  approximate- 
ly 25  million  pounds  of  frozen  input  product. 
This  would  be  about  8  million  pounds  of  dried 
food  and  17  million  pounds  of  water  removed. 
Of  this  quantity  about  12  or  14  percent  went 
to  the  Quartermaster  Corps,  and  the  remain- 
ing went  to  the  commercial  market.    Main 
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products  processed  were  chicken,  beef, 
mushrooms,   shrimp,  crab,  coffee,  straw- 
berries, pork,  ham,  green  beans,  green 
peas,  chives  and  peaches.     This  volume  of 
25  million  pounds  of  frozen  food  dried  is 
more  than  double  my  estimate  of  11  million 
pounds  for  1963  and  is  roughly  4  times  the 
volume  of  6  million  pounds  in  1962.     This 
doubling  effect  is  a  normal  situation  for  a 
new  product.    K  a  new  product  does  not  at 
least  double  its  volume  each  year  for  the 
first  few  years,  it  probably  will  not  have  a 
very  great  impact  on  the  market. 

At  various  times  during  the  past  few 
years  I  have  looked  into  my  crystal  ball  and 
estimated  the  future  growth  of  the  freeze- 
drying  industry.     The  first  time  (August 
1962)  I  predicted  the  1970  volumes  of  freeze- 
drying  would  be  about  500  million  pounds  (3). 
About  a  year  ago  I  tried  to  use  a  little  mor'e 
precision  in  my  estimating  procedure  and 
came  up  with  250  million  poimds  for  1970  (4). 
Several  months  ago  I  tried  another  method" 
and  came  up  with  the  figure  of  317  million 
pounds  for  1970  (5). 

For  the  sake  of  some  place  to  start,  let 
us  say  that  the  freeze -drying  industry  will 
have  a  volume  of  250  to  500  million  pounds 
of  frozen  input  food.     This  would  be  about 
43  to  86  million  pounds  of  dried  food.    How 
does  this  compare  with  some  of  our  other 
well  established  food  processing  industries? 
Compared  with  either  the  canning  or  the 
freezing  industry,  freeze-drying  is  small-- 
almost  negligible --in  size.    Canning,  for 
example,  has  volumes  of  about  21  billion 
pounds  of  food  annually.     The  frozen  food 
industry  has  volumes  of  about  9  billion 
pounds  of  frozen  food  per  year. 

Dehydrated  and  dried  foods,  other  than 
freeze-drying,  have  a  volume  of  about  5.  7 
billion  pounds  annually.    This  does  not  in- 
clude dates,  figs,  prunes,  and  raisins  which 
total  about  603  million  pounds  per  year.    Nor 
does  it  include  citrus  pulp  (about  622  million 
pounds).    Neither  does  it  include  skim  milk 
used  for  animal  feed  (28  million  pounds)  (6). 
Even  with  the  promising  growth  prospects" 
anticipated,  freeze-drying  will  be  small  com- 
pared with  these  other  more  prominent  food 
processing  methods. 


Some  Labor  and  Capital  Needs  Brought  About 
by  Freeze-Drying 

It  has  been  previously  estimated  that  if 
the  freeze-drying  industry  were  to  reach  a 
volume  of  250  to  500  million  pounds  of  frozen 
input  product  in  1970,  labor  requirements 
would  be  fairly  small  (4),     There  would  be 
about  700  to  1,  300  worlcers  directly  involved 
in  the  drying  operations.    Other  workers 
would  be  involved  in  product  procuring,  food 
preparation,  freezing,  packaging,  warehous- 
ing, promotion,  and  sales.     These  may  num- 
ber from  6,  300  to  11,  000  by  1970, 

With  square  feet  of  shelf  area  used  as  a 
basis  for  estimating  amount  of  freeze-drying 
equipment,  the  annual  investment  by  1970 
would  be  about  $10  to  $20  million.     This  is 
based  on  shelf  area  requirements  being  in  the 
range  of  206,  000  to  410,  000  square  feet. 
This  compares  with  today's  industry  which 
has  56,  000  square  feet  of  shelf  area  (7). 

Freezing  equipment  investment  additions 
are  based  on  freezing  equipment  designed  to 
freeze  250  to  500  million  pounds  per  year.  If 
the  250  million  pounds  of  frozen  foods  were 
frozen  in  an  average  year  of  200  days,  this 
is  1-1/4  million  pounds  per  day.    If  the  equip- 
ment were  used  20  hours  per  day,  this  would 
be  62-1/2  cwt.  per  hour.    If  we  use  the  rule 
of  thumb  of  1,  5  tons  of  refrigeration  needed 
for  each  cwt.  of  food  frozen  per  hour,  our 
refrigeration  for  freezing  the  food  is  938 
tons.    If  the  freeze-drying  industry  has  anti- 
cipated volumes  of  500  million  pounds  of 
frozen  food  per  year,  refrigeration  tonnage 
at  that  time  (needed  for  freezing  the  food)  is 
about  1,  875  tons.    At  $1,  400.  00  per  ton  of 
refrigeration,  the  investment  is  $1,  3  to  $2,  6 
million.     This  is  only  for  refrigeration  equip- 
ment for  freezing  the  food  to  be  freeze-dried. 

Sublimation  needs  about  10  tons  of  re- 
frigeration equipment  for  each  100  pounds  of 
water  removed.    With  250  million  pounds  of 
frozen  food,  we  sublimate  about  175  million 
pounds  of  ice.    If  the  industry  averages  175 
days  per  year,  this  is  1  million  pounds  of  ice 
sublimated  per  day.    On  an  average  20-hour 
day,  this  is  500  cwt,  per  hour  of  operation. 
Ten  tons  of  refrigeration  for  each  cwt,  per 
hour  gives  us  a  figure  of  5,  000  to  10,  000 
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tons  of  refrigeration  capable  of  minus  40°  F, 
temperahires.     Thus,  we  see  sublimation  is 
the  great  user  of  refrigeration --about  five 
or  six  times  greater  than  needed  for  freezing 
the  food.    We  would  expect  total  refrigeration 
investment  to  be  $10  to  $20  million  in  1970. 
Refrigeration  needs  other  than  those  discuss- 
ed, include  holding  rooms  for  the  frozen  prod- 
uct, low  moisture,  and  air  conditioned  rooms 
for  packaging  the  product. 

Some  Complementary  Effects  of  Freeze- 
Drying 

In  the  field  of  economics,  complement- 
ary means  that  if  one  good  is  increased  in 
use,  another  good  is  also  directly  affected. 
An  example  might  be  that  if  a  housewife  buys 
hot  dogs,    she  may  also  buy  some  comple- 
mentary products  such  as  hot  dog  buns, 
mustard,  ketchup,  onions,  and  napkins. 
Even  soft  drink  and  potato  chip  sales  may 
be  increased.    In  the  field  of  freeze-drying 
we  can  expect  containers,  shipping  packages, 
and  equipment  sales  to  increase  as  freeze- 
drying  increases. 

A  complementary  industry  that  might 
expect  its  volumes  to  increase  at  a  constant 
ratio  relative  to  freeze-dried  food  produc- 
tion is  packaging.     For  our  little  analysis 
let  us  again  assume  that  by  1970  the  freeze- 
drying  industry  would  have  volumes  of  250 
to  500  million  pounds  of  frozen  food.     This 
is  a  production  of  80  to  160  million  pounds 
of  dry  food.    If  half  this  production  were  to 
be  packaged  in  flexible  pouches,  this  volume 
would  be  40  to  80  million  pounds  of  dried 
foods  per  year  in  1970.    If  1/2  of  the  pouch- 
packed  product  were  in  2-ounce  packages, 
1/4  in  3 -ounce  packs,  and  the  remaining  1/4 
in  4-ounce  flexible  packages,  annual  needs 
would  be  253  to  506  million  flexible  packages. 
If  every  two  pouches  are  packed  in  a  card- 
board container,  the  industry  would  need 
125  to  250  million  of  these  boxes.    If  every 
dozen  retail  boxes  needed  a  fiberboard 
shipping  container,  we  would  need  10  to  20 
million  of  these.    Similar  figures  could  be 
budgeted  for  cans  or  other  containers  needed 
for  the  half  of  the  freeze-drying  food  produc- 
tion not  accounted  for  in  the  above  analysis. 

Substitution  Effects  of  Freeze-Dried  Foods 

Determining  the  effect  of  the  growth  of 
the  freeze-drying  industry  on  farmers, 
wholesalers,  retailers,  and  other  interested 
groups  is  not  easy.    It  depends  upon  how 


these  new  foods  fit  into  our  marketing  sys- 
tem.   Will  they  increase  our  eating?    Will 
we  eat  more?    It  is  doubtful.    Most  likely 
they  will  substitute  for  other  foods.    But, 
what  will  they  substitute  for?    It  is  difficult 
to  make  generalizations,  and  even  dangerous 
at  times,  but  let's  take  a  look  at  some  of  the 
specific  freeze-dried  products  that  appear  to 
have  the  greatest  future  potential  and  discuss 
their  substitution.    I  think  that  freeze-dried 
coffee  will  probably  replace  spray-dried 
coffee.    It  might  even  cut  into  a  little  of  the 
market  for  the  home-brewed  coffee. 

As  a  result  of  the  introduction  of  freeze- 
dried  strawberries,  I  believe  that  total  straw- 
berry consumption  will  increase.    My  impres- 
sion of  these  dried  berries  is  favorable  and  I 
can  imagine  double  or  triple  their  use  for 
breakfast  items.     This  does  not  imply  that 
total  berry  consumption  would  double  or 
triple- -rather,  we  might  foresee  an  increase 
of  5  to  10  percent. 

This  same  feeling  applies  to  the  other 
native  fruits  and  berries  anticipated  for  break- 
fast cereal  use.     This  will  be  an  increase  in 
consumption  with  perhaps  a  slight  decrease  in 
consumption  of  jellies  or  marmalades  as  an 
offsetting  factor.    Bananas  appear  different, 
however,  and  I  believe  that  if  these  become 
common  for  breakfast  cereal  use,  ripe 
bananas  will  suffer  by  an  almost  like  amount, 
i.  e. ,  the  substitution  will  be  almost  at  a  one 
for  one  ratio. 

With  regard  to  mushrooms,  I  believe  as 
more  of  them  are  dried  and  used  in  this 
manner,  all  other  forms  of  them  may  show 
increased  volumes.    Instead  of  cutting  into 
the  fresh,  canned,  or  frozen  market,  the 
total  consumption  will  increase  as  people 
become  more  "mushroom-minded. " 

For  red  meats,  probably  both  cured  and 
canned  ones  will  be  used  less  as  volumes  of 
freeze-dried  meats  increase.     Freeze-dried 
meats  appear  to  fit  into  several  specialized 
markets  for  camping,  armed  forces  use, 
dried  soups,  dried  stews,  and  specialized 
entrees.    I  can't  imagine  fresh  or  frozen 
meats  being  seriously  affected  by  freeze- 
dried  ones.    With  poultry  meats,   my  feeling 
is  that  the  freeze-dried  ones  will  be  net  addi- 
tions to  the  present  marketings. 

For  the  vegetables  that  will  be  freeze- 
dried  there  will  be  some  substitutions  for 
hot  air -dried  ones.     There  may  also  be 
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substitutions  of  freeze-dried  ones  for  fresh 
and  frozen  ones.    Here  we  are  thinking  of 
asparagus,  broccoli,  brussel  sprouts,  beets, 
carrots,  chives,  parsley,  leeks,  and  several 
others.    Volumes  of  peas,  corn,  and  beans 
will  be  so  small,  when  compared  with  the  total 
processed  volumes  of  these  products,  that 
the  freeze-drying  industry  will  have  little  or 
no  appreciable  effect  on  these  industries. 

Summary 

We  have  shown  that  the  relatively  high 
processing  costs,  combined  with  specialized 
uses  of  freeze-dried  foods,  limits  their  mar- 
ket.    Total  volume  of  freeze-dried  foods  pro- 
cessed in  1970  may  be  in  the  range  of  250  to 
500  million  povmds. 

Other  industries  affected  by  this  growth 
include  drying  equipment,  freezing  equip- 
ment, and  containers.    Most  freeze-dried 
foods  will  be  used  as  substitutes  for  foods 
processed  in  other  ways.    A  few  freeze- 
dried  foods  will  be  net  additions  to  our  diet. 
Freeze-dried  foods  will  have  little  effect  on 
our  canning,  freezing,  or  the  fresh  market 
sales.     The  food  processing  sector  most 
likely  affected  will  be  foods  that  are  now 
dehydrated  by  other  means. 
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FOAM-MAT  DRYING 

by 

A.  I.  Morgan,  Jr. 

Western  Utilization  Research  and  Development  Division 

Albany,  CaUf. 


I  feel  a  little  inadequate  talking  after  Dr. 
Bird  has  talked  so  well  about  freeze  drying, 
because  I  am  obliged  to  go  beyond  merely 
describing  what  foam-mat  drying  consists 
of  and  tell  you  what  its  status  is.  And  its 
status,  compared  to  freeze  drying,  is  not 
so  good. 

On  the  other  hand,  in  spite  of  the  fre- 
quent assumption  that  freeze  drying  is  rather 
new,  it  is  many  times  older  than  foam-mat 
drying.     The  freeze-drying  process  was 
practiced  in  various  ways  (including  on  foods) 
in  the  thirties. 


58 


Foam-mat  drying  is  something  quite  new 
in  comparison  to  that.    Unfortunately,  foam 
mat  is  now  4  years  old  in  its  present  form. 
We  are  approaching  the  time  when  we  expect 
it  either  to  walk  or  die,  and  I  think  it  is  going 
to  walk. 

I  feel  inadequate  in  another  way  talking 
about  foam  mat  after  we  have  got  our  minds 
on  freeze  drying,  because  foam-mat  drying 
is  a  method  which  is  not  as  versatile  as 
freeze  drying,  particularly  in  the  sense  that 
the  possibility  of  drying  solid  pieces  or 
pieces  of  any  considerable  size  whatsoever 


is  completely  out  when  it  comes  to  foam- 
mat  drying. 

Foam  mat  is  pure  and  simple  liquid-foam 
drying.    I  have  done  my  homework  on  this 
speech  about  a  year  or  two  ago,  and  this  con- 
sists of  that  roll  of  film  which  is  on  the  movie 
projector  there.     So  if  we  can  turn  it  on,  I 
will  do  a  little  more  elaborating  afterwards 
and  perhaps  there  will  be  time  for  some 
questions, 

(Movie  was  shown  at  this  point. ) 

The  movie  made  several  points  which 
were  new.    One  of  these  was  our  present 
ability  to  make  a  dry  product  of  a  sufficiently 
low  moisture  that  it  is  stable,  not  caking, 
and  remains  so  without  having  to  put  one  of 
those  little  paper  bags  of  lime  in  with  the 
product.     The  disadvantage  of  the  bags  of 
lime  is  that  the  housewives  sometimes  re- 
constitute the  lime  rather  than  the  orange. 
And,  furthermore,  the  lime  takes  up  space 
in  the  package. 

This  was  accomplished  by  using  a  finer - 
bodied  foam  by  extending  the  mixing  time 
somewhat.     The  result  of  this  was  the  very 
low  moisture  right  off  of  the  dryer  itself. 
Because  of  the  finer  structure  that  is  used 
for  this  purpose,  we  feel  it  is  necessary  to 
flatten  out  the  dry  foam  so  there  are  fewer 
inclusions  of  gas  in  it  when  the  customer 
mixes  it  with  water. 

Another  advantage  of  this  flattening  is, 
of  course,  that  the  dry  density  of  the  product 
is  high.    Now,  there  is  almost  twice  as  much 
beverage  to  be  had  out  of  a  container  holding 
foam-mat  dried  solids,  orange  solids,  than 
could  be  made  from  the  same  container  of  a 
normal  frozen  concentrate.    Without  this 
compression  that  you  saw  in  the  movie,  this 
is  not  so.     The  same  size  package  of  orange 
concentrate  would  give  you  more  beverage 
than  if  it  were  filled  with  the  light  uncompact- 
ed  orange  solids. 

So  those  are  the  two  technical  develop- 
ments which  the  film  is  trying  to  get  across. 

I  said  I  would  outline  a  little  bit  about  the 
present  commercial  status  of  foam-mat  dry- 
ing.   I  am  not  especially  anxious  to  do  this  be- 
cause I  did  it  a  few  months  ago  in  Winter 
Haven,  and  I  also  attributed  various  parts  of 
the  process  to  different  inventors.    I  have 
never  done  that  publicly  before,  and  these 


have  been  the  longest  couple  of  months  I  have 
ever  spent.    So  we  will  just  leave  that  part 
aside  and  say  that  the  commercial  situation, 
as  far  as  equipment  is  concerned,  is  that 
there  are  three  manufacturers  who  are  in  a 
position  to  offer  completely  designed,  pack- 
aged foam-mat  dryers.    One  of  these  offers 
a  crater  dryer  of  the  kind  that  you  saw  in 
this  movie.    Another  one  offers  a  belt  of  a 
kind  that  was  not  shown,  but  on  which  we 
have  worked  in  the  past.     The  third  manu- 
facturer offers  both  kinds;  that  is,  the  belt 
and  the  tray.     So  that  part  sounds  fine. 

But  the  difficulty  we  are  encountering  is 
in  getting  people--processors--to  buy  these 
units  and  use  them.    We  are  perhaps  in  a 
little  trough  of  this  development.    I  hope  it 
is  that,  or  we  are  entirely  on  the  skids. 

The  trough  consists  of  the  difficulty  that 
processors  are  uncertain  whether  they  can 
sell  the  product,  and  the  buyers  of  the  prod- 
uct are  unwilling  to  make  offers  because 
there  are  no  very  large  processors  in  a  posi- 
tion to  fulfill  their  demand. 

I  hope  we  will  be  able  to  break  out  of  this 
difficulty  in  the  near  future,  particularly  in 
the  case  of  the  citrus  which  appears  to  be  one 
of  the  most  appropriate  areas  for  this  develop- 
ment. 

The  few  commercial  units  which  have 
been  constructed  have  been  devoted  mostly 
to  the  manufacture  of  tomato  powder.    I  am 
not  as  optimistic  of  the  future  of  tomato 
powder  as  I  am  of  citrus  powder  because 
citrus  powder  has  the  possibility  of  fulfilling 
a  very  healthy  demand  for  breakfast  drinks 
in  areas  where  there  is  no  very  widespread 
refrigeration  and  very  much  less  frozen  food 
distribution,   such  as  in  Western  Europe  and 
in  South  America.    In  this  case,  there  would 
be  a  clear  advantage  with  foam-mat  drying 
because  of  its  high  quality,  its  relatively  low 
cost  (that  is,  relative  to  freeze  drying,  let's 
say),  and  its  economy  of  transport  and  pack- 
aging.    The  market  for  tomato  powder  --vis 
a  vis  paste--seems  narrower. 

I  believe  that  there  is  now  only  one  com- 
pany making  citrus  powder,  namely  lemon 
powder,  by  this  method.     But  I  have  reason 
to  believe  that  there  will  be  more  in  the  near 
future. 

In  the  U.  S.  Department  of  Agriculture 
we  have  arrived  at  the  point  in  connection 
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with  this  project  where  we  are  ready  to  re- 
commend it,  urge  its  adoption,  and  stand 
back  of  it  in  the  sense  that  we  stand  back  of 
any  of  our  technical  developments.    That  is 
not  to  say  that  we  will  refund  any  loss  that 
you  may  incur,  but  we  will  feel  terribly 
sorry  about  it. 

DISCUSSION 


Question:    Can  you  use  it  in  the  place  of 
frozen  foods? 

A.  I.  Morgan,  Jr. :    The  question  was,  I  don't 
know  whether  or  not  I  should  restate  it  be- 
cause I  don't  think  I  am  going  to  answer  it, 
but  the  question  was,  how  will  the  in-use  cost 
compare  frozen  concentrate  and  powder? 

I  think  there  is  a  feeling  that  the  powder 
in  this  country  will  be  sUghtly  more  expensive 
than  the  frozen  concentrate,  at  least  in  any  of 
the  early  stages  of  the  development.    Natur- 
ally, this  will  not  be  the  case  in  markets  at 
some  distance  from  our  facilities. 

Question:   What  was  the  reason  for  adding  the 
triglycerides  there  at  the  end? 

A.  I.  Morgan,  Jr. :    That  is  to  get  it  off  the 
drum.     They  are  the  same  ones  that  are 
used  to  stabilize  the  foam  for  tomato  and 
certain  other  powders.     They  not  only 
stabilize  the  foam  in  that  case  but  they  slick 
it  up  a  little  bit  so  that  it  peels  off  of  the 
warm  drum  and  doesn't  crumble  up  against 
the  knife.    In  the  case  of  citrus,  we  are  using 
a  soya  protein,  and  we  have  to  add  a  little  bit 
of  monoglyceride  to  the  drum  itself  so  that  we 
can  get  the  flakes  off.    A  trace  will  appear  in 
the  product.    Monoglycerides  are  edible,  of 
course,  and  they  will  appear  in  the  product 
to  the  extent  of  about  0.  01  percent  solids. 

Question:    Can  you  get  a  good  sheet  with  low 
moisture  content? 

A.I,  Morgan,  Jr.:    Yes,  to  get  the  sheet 
compacted  solid,  you  have  to  choose  the 
drum  temperature  such  that  it  matches  the 
moisture  content  of  the  powder  you  are 
putting  on  it.     That  is  to  say,  the  higher  the 
moisture  content,    the  lower  the  temperature 
the  drum  needs  to  be  to  flatten  this  collection 
of  little  particles  out  into  a  single  ribbon. 
The  flaking  operation  does  not  produce  any 
appreciable  drying  of  the  powder  nor,  as  a 
matter  of  fact,  does  it  affect  the  quality. 


Question:  Why  don't  you  maintain  the  mois- 
ture in  the  dry  powder  at  the  same  level  that 
it  came  out  of  the  foam-mat  dryer? 

A.I.  Morgan,  Jr. :  The  flaking  role  does  not 
change  the  moisture  of  the  product. 

Question:    You  don't  add  it? 

A.I.  Morgan,  Jr.  :  We  don't  add  any;  no,  we 
keep  it  as  low  as  we  can,  but  whatever  this 
moisture  is  determines  what  the  teraperatiire 
of  the  drum  should  be  when  you  get  to  the 
flaking  operation. 

Question:  Coming  back  to  the  question  of 
adhesion  to  the  drum,  you  have  doubtless 
tried  Teflon  instead  of  the  triglyceride? 

A.  I.  Morgan,  Jr. :  Well,  the  Teflon  drum  or 
the  Teflon  in  the  product? 

Question:    The  Teflon  on  the  coating  surface. 

A.  I.  Morgan,  Jr. :  We  didn't  try  it.    We 
have  tried  Teflon-coated  trays. 

Question:    The  same  thing. 

A.  I.  Morgan,  Jr. :  In  the  dryer  they  are  some 
help  but  surprisingly  little.    A  bit  disappoint- 
ing. 

Question:    Were  there  other  additives  where 
you  put  it  on  the  di'ums;  didn't  you  add  some- 
thing? 

A.I.  Morgan,  Jr.:   Those  two  sticks  that  the 
man  was  holding;  yes,  that  is  the  release 
agent  I  was  telling  you  about.    Those  are 
monoglycerides  that  we  use  to  slick  up  the 
drum  so  that  the  ribbon  comes  off,  and  they 
appear  as  0.  01  percent  in  the  product. 

Question:    Is  this  applied  continuously  to  the 
drums  in  contact  with  your  drums  as  they 
rotate? 

A.I.  Morgan,  Jr.:  Yes,  sir,  that  is  right. 
It  is  just  like  greasing  a  skillet,  so  to  speak. 

Question:    What  is  your  ideal  concentrate 
that  you  start  with?    Secondly,  what  can  this 
go  up  to,  capacity? 

A.I.  Morgan,  Jr.:  The  citrus  concentrates 
have  been  used  up  to  70  percent.  However, 
in  the  case  of  orange,  the  concentrate  applied 
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to  the  dryer  would  have  to  be  between  50  and 
55  or  56  percent.  This  is  merely  due  to  the 
consistency  of  the  foam  required  for  the  vari- 
ous operations  in  our  particular  device,  and 
this  would  depend  upon  the  technique  you  use 
for  spreading  the  foam  and  cratering  it. 

The  practical  size  of  a  commercial  unit 
would  be  limited  in  the  case  of  trays  by  a 
reasonable  size  of  tray,  which  would  prob- 
ably be  4  feet  on  a  side  or  3  by  5  feet.     That 
would  mean  that  a  machine  would  have  to  be 
limited  to  200  pounds  dried  per  hour. 

In  the  case  of  a  belt,  there  would  be  no 
limit  whatsoever.    Well,  I  suppose,  a  prac- 
tical limit  of  1,  500  pounds,  something  like 
that.    Obviously,  a  belt  can  be  as  long  as 
you  want  it  and  almost  as  wide  as  you  want 
it. 


Question:    Do  you  get  any  vitamin  or  color 
decrease? 

A  I    Morgan,  Jr. :  No,  we  get  no  color  decrease 
whatsoever.  We  get  no  detectable  vitamin  change 
in  the  case  of  ascorbic  acids  in  citrus  products. 
Weget  some  slight  ascorbic  acidloss,  afew, 
perhaps  10  percent,  in  tomatoes.  But  we  do  not 
get  any  detectable  loss  in  the  case  of  citrus. 

I  might  say  I'd  like  to  add  that  this  de- 
velopment that  I  have  described  here  and  es- 
pecially the  present  efforts  are  very  largely 
being  carried  out  in  Winter  Haven  by  Dr. 
Veldhuis;  and  although  I  come  from  Albany, 
we  were  working  with  the  Southern  Division 
in  its  Winter  Haven  laboratory  where  there  is 
a  very  nice  crater -type  pilot  plant  of  the  kind 
shown  in  this  film,  except  perhaps  better. 
Thank  you  very  much. 


NEW  RAPID  FREEZING  TECHNIQUES 

by 

H.  K.  Burr  and  M.  S.  Browni/ 

Western  Utilization  Research  and  Development  Division 

Albany,  California 

(Presented  by  H,  K.  Burr) 


According  to  Tressler  and  Evers  (11) 
commercial  "sharp  freezing"  of  foods  Began 
in  1861.    Meats  were  the  first  products  so 
frozen.     Later  the  process  was  applied  to 
fish,  and  after  1905,  to  berries.    In  spite  of 
its  name,  sharp  freezing  was  a  relatively 
slow  process  since  it  involved  freezing  the 
foods  in  still  air  at  -20  to  +5°F.    Heat  trans- 
fer was  by  natural  convection.    Berries  were 
commonly  mixed  with  sugar  and  packed  in 
barrels  and  the  barrels  placed  in  a  cold  room. 
Under  these  circumstances  it  is  clear  that 
freezing  might  require  a  matter  of  days,  or 
possibly  weeks. 

The  term  "qviick  freezing,  "  which  was 
introduced  around  1930,  is  applied  to  pro- 
cesses in  which  freezing  is  completed  in  a 
few  hours,  or  even  less.    Packages  of  food 
may  be  frozen  between  refrigerated  plates 
or  in  a  blast  of  cold  air  in  a  freezing  tunnel, 
or  the  food  may  be  frozen  first  on  a  belt  and 
packaged  after  freezing  has  been  completed. 

It  was  early  noted  that  when  most  foods 
are  frozen  and  then  thawed,  there  is  a 
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marked  leakage  of  juices  out  of  the  product. 
Some  people  thought  this  was  caused  by 
mechanical  rupture  of  the  cell  membranes 
by  the  growing  ice  crystals.     Taylor  (9) 
summarized  this  explanation  in  these  words: 
"Fish,  meats,  etc. ,  contain  from  60  to  80 
percent  water.    When  they  are  frozen  slowly, 
the  large  ice  crystals  formed  lacerate  cell 
membranes  so  that  the  juice  can,  and  does, 
escape;  but  when  the  freezing  is  done  rapid- 
ly, the  very  small  crystals  formed  are  con- 
tained within  the  cell  and  do  not  punctiure  the 
membranes;  the  juice,  therefore,  cannot 
escape.  "    This  idea  seems  indestructible. 
In  an  article  published  in  August  1964  we 
find:    "Because  of  the  incredible  speed  with 
which  freezing  is  accomplished  by  the  in- 
tense cold  of  liquid  nitrogen,  large  jagged 
ice  crystals  do  not  form  and  puncture  cell 
walls. . .  "  (3).     Taylor  stated  that  this  ex- 
planation was  wrong  and  then  went  on  to  dis- 
cuss other  possible  mechanisms  to  account 
for  drip. 

Working  in  a  cold  room  and  using  tech- 
niques of  the  mineralogist,  Woolrich  and 
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Bartlett  (14)  of  the  University  of  Texas  in 
1942  showed  that  "even  when  freezing  is  ex- 
ceedingly fast,  the  smallest  ice  crystals  are 
much  larger  than  individual  cells, "  and  "the 
crystal  lattice  both  inside  the  cell  and  in  the 
intercellular  spaces  is  continuous.  "    This 
simply  means  that  as  the  water  molecules  in 
the  tissue  order  themselves  in  the  form  of 
ice,  the  crystal  grows  through  the  cell  wall 
pores  without  punchiring  the  wall  itself. 

Meryman  (7),  Asahina  (4),  and  others 
have  pointed  ouFthat  when  aTissue  is  frozen 
slowly,  crystal  nucleation  is  generally  con- 
fined to  the  intercellular  spaces.    Osmotic 
forces  then  cause  a  movement  of  water  from 
within  the  cell  to  these  intercellular  spaces. 
This  could  cause  a  shrinkage  of  the  cells 
away  from  each  other  and  lead  to  cell  separ- 
ation in  the  final  product.    If  the  tissue  is 
frozen  very  rapidly,  perhaps  there  is  not 
time  for  this  diffusion  of  water  through  the 
cell  wall  to  take  place.    However,  we  are 
forced  to  conclude  that  at  the  present  time 
we  do  not  have  a  detailed  vmder standing  of 
the  phenomena  that  occur  when  a  plant  or 
animal  tissue  is  frozen.    In  particular,  it 
is  hard  to  explain  the  extensive  rupture  of 
cell  walls  which  does  occur  in  certain 
frozen  foods,  as  will  be  discussed  later. 

The  fact  is  that  if  certain  foods  are  fro- 
zen very  rapidly  indeed,  by  means  of  liquid 
nitrogen,  the  defrosted  product  has  better 
texture  and  less  drip  than  if  conventional 
freezing  is  used  [Webster  et  al.    (12);  Wol- 
ford  and  Brown  (13)]  ,     Liquid" nitrogen  freez- 
ing (LNF)  is  already  in  commercial  use  for 
freezing  fish  filets,  shrimp,  mushrooms, 
strawberries,  avocados,  mangoes,  papayas, 
and  other  products  (2,  3).     LNF  tomato 
slices  have  been  test-marketed  (5). 

It  is  obvious  that  if  an  LNF  food  item  is 
to  compete  in  the  market  place  with  the  con- 
ventionally frozen  product,  it  must  have  suf- 
ficiently better  quality  to  justify  any  neces- 
sary premium  in  price.     The  quality  ad- 
vantage will  certainly  vary  from  commodity 
to  commodity  and  this  is  an  area  where  care- 
ful, objective,  and  disinterested  research 
needs  to  be  done. 

We  have  asked  a  number  of  people  in 
the  liquefied  gas  industry  what  the  ultimate 
cost  of  LNF  would  be.     The  estimates  have 
ranged  around  3  to  4  cents  per  pound  of  food 
frozen.     These  figures  are  for  the  liquid 
nitrogen  alone  and  do  not  include  overhead, 


labor,  etc.    Since  conventional  freezing  costs 
are  in  the  neighborhood  of  1/2  cent  to  1  cent 
per  pound,  it  is  apparent  that  LNF  will  be 
more  expensive,  but  there  appears  to  be  no 
agreement  as  to  just  how  much  more  it  will 
cost.     The  economics  of  the  process  have 
been  reviewed  by  R.  H.  Mason  (6)  of  the 
Stanford  Research  Institute.         ~ 

It  has  been  suggested  that  because  of  the 
tremendous  demand  for  liquid  oxygen  in  in- 
dustry today,  there  should  be  a  large  supply 
of  liquid  nitrogen  byproduct  at  relatively  low 
cost.    However,  liquid  nitrogen  is  not  neces- 
sarily a  byproduct  of  liquid  oxygen  production. 
An  air  liquefaction  plant  can  be  operated  to 
produce  entirely  liquid  oxygen,  or  both  liquid 
oxygen  and  liquid  nitrogen,  with  approximate- 
ly equal  efficiency. 

Freezing  of  foods  with  liquid  nitrogen 
can  be  accomplished  by  immersion  (5),  or 
spraying  (9).    The  important  things  are  to 
insure  thaT  shattering  of  the  product  does  not 
occur  because  of  excessive  temperatxire 
gradients  within  the  product,  and  that  the 
product  is  removed  from  the  freezer  when 
its  average  temperature  is  about  0°F. 
Temperature  equilibration  within  the  prod- 
uct will  occur  after  it  is  removed  from  the 
freezer  and  there  is  no  point  in  chilling  it 
below  the  temperature  at  which  it  will  be 
stored. 

One  of  the  commercial  units  used  for 
LNF  carries  the  product  through  the  tunnel 
on  a  horizontal  belt.    At  the  far  end  of  the 
belt  the  product  is  sprayed  with  liquid  nitro- 
gen.    The  Liquid  nitrogen  volatilizes  as  it 
absorbs  heat  from  the  product  and  this  very 
cold  gaseous  nitrogen  flows  countercurrent 
to  the  belt,  thus  cooling  the  incoming  raw 
material  and  making  efficient  use  of  the  re- 
frigeration potential  of  the  liquid  nitrogen. 

At  the  Western  Regional  Research  Labor a- 
tory  we  have  recently  addressed  ourselves  to 
the  question  "Is  liquid  nitrogen  freezing  neces- 
sary?"  To  put  it  somewhat  differently,  "Can 
the  improved  texture  credited  to  LNF  be  achiev- 
ed by  other  means?'   These  investigations  re- 
present cooperative  research  supported  in  part 
by  the  National  Association  of  Frozen  Food 
Packers.   Thisworkhas  largely  been  done  with 
green  beans  because  we  knew  that  there  was  a 
texture  problem  in  this  frozen  product  (13). 

Assuming  that  texture  damage  would  be 
associated  with  microscopically  visible 
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changes  in  the  green  bean  tissue,  we  used 
histological  techniques  for  preparing  micro- 
scopic sections  of  green  bean  tissue  without 
permitting  distortion  to  occur.     The  method 
we  now  use  is  extremely  simple  and  requires 
much  less  equipment  and  time  than  the  cus- 
tomary histological  techniques  with  their 
gradual  dehydration  and  embedding  proce- 
dures.   We  chill  a  flask  of  absolute  methyl 
alcohol  to  a  temperature  of  0°  F.  and  place 
in  it  several  pieces  of  frozen  green  beans. 
The  flask  is  left  in  a  freezer  at  0°  F.  for  24 
hours  and  is  then  taken  out  and  left  at  room 
temperature  for  an  equal  period.    At  the  end 
of  this  time  the  pieces  of  bean  are  quite  firm 
and  it  is  easy  to  cut  thin  sections  with  a  razor 
blade  by  hand.    These  are  then  examined 
with  a  10-power  hand  magnifier  or  photo- 
graphed through  a  microscope.    At  0°F.  the 
beans  are  firmly  frozen,  but  as  the  methanol 
diffuses  into  the  tissue,  the  ice  dissolves  in 
it  and  diffuses  outward.     This  process  bears 
some  relationship  to  freeze  drying,  for  in 
both  cases  water  is  removed  from  the  tissue 
at  a  temperature  well  below  the  freezing 
point.     This  dehydration  from  the  frozen 
state  prevents  any  shrinkage  or  distortion 
of  the  tissue. 

What  do  we  see  when  we  examine  such 
sections?    In  green  beans  which  have  been 
frozen  in  liquid  nitrogen  we  see  an  intact  tis- 
sue in  no  way  different  from  a  section  made 
from  a  fresh  green  bean.    In  a  section  from 
a  bean  that  has  been  frozen  slowly,  for  ex- 
ample, a  commercially  frozen  product,  we 
see  that  in  the  outermost  layers  there  is  a 
separation  of  the  cells  and  some  sloughing 
of  the  tissue.    In  this  area  there  is  no  break- 
ing of  the  cell  walls  but  the  cells  have  come 
imstuck  from  their  neighbors.    Deeper  in  the 
tissue  there  are  numerous  fissures,   each  in- 
volving rupture  of  many  cell  walls.     These 
two  types  of  mechanical  damage  are  very 
conspicuous  and  with  very  little  practice  one 
can  learn  to  distinguish  between  very  rapidly 
frozen  and  slowly  frozen  green  beans. 

We  would  like  to  emphasize  that  the 
tissue  damage  mentioned  here  is  not  an  arti- 
fact caused  by  the  dehydration  of  the  tissue  in 
methanol.     Sections  prepared  by  the  more 
conventional  histological  technique  of  embed- 
ding show  exactly  the  same  thing. 

Through  organoleptic  appraisals  we  have 
shown  that  green  beans  frozen  in  liquid  nitro- 
gen and  showing  no  mechanical  damage,  when 
cooked  have  a  crisp  texture  quite  comparable 


to  that  of  cooked  fresh  beans.    We  have  also 
shown  that  beans  frozen  slowly  and  showing 
microscopic  damage,  when  cooked  have  a 
relatively  flabby  texture  quite  different  from 
that  of  fresh  beans. 

In  order  to  determine  how  fast  one  has 
to  freeze  beans  in  order  to  get  essentially  no 
tissue  damage  we  built  an  experimental 
freezer.    In  it  air  is  recirculated  across  the 
sample  of  material  to  be  frozen  and  refriger- 
ation is  provided  by  spraying  liquid  nitrogen 
into  the  air  stream  at  such  a  rate  as  to  main- 
tain the  desired  air  temperature.     The  temp- 
erature at  the  center  of  the  bean  is  sensed 
by  a  thermistor  probe  and  is  recorded  auto- 
matically. 

When  a  bean  is  placed  in  the  experiment- 
al freezer,  the  temperature  at  the  center  of 
the  tissue  drops  relatively  rapidly  at  first  to 
the  freezing  point,  remains  at  this  tempera- 
ture for  a  period  of  time,  and  then  falls 
rapidly  again.    The  length  of  the  tempera- 
ture plateau  is  what  we  measure  as  the 
"center  freezing  time.  "    It  should  be  empha- 
sized that  this  is  approximately  half  the  total 
time  required  to  lower  the  temperature  of 
the  bean  from  say  40°  F.  to  0°F. 

When  the  tissue  damage  is  observed  in 
samples  of  green  beans  frozen  at  different 
rates,  there  is  found  to  be  a  "critical  center 
freezing  time"  of  about  6  to  10  minutes. 
Samples  frozen  more  rapidly  than  this  show 
essentially  no  tissue  damage.    With  longer 
center  freezing  time,  tissue  damage  be- 
comes more  and  more  extensive.    With 
center  freezing  times  greater  than  about 
15  or  20  minutes  there  is  little  further  in- 
crease in  damage.    It  should  be  noted  that 
the  center  freezing  time  for  liquid  nitrogen 
freezing  can  be  of  the  order  of  10  seconds, 
while  the  center  freezing  time  for  a  belt 
freezer  as  conventionally  operated  is  about 
15  minutes. 

The  significance  of  these  findings  lies  in 
the  fact  that  liquid  nitrogen  freezing  offers  a 
freezing  rate  approximately  50  times  greater 
times  of  6  to  10  minutes,  then  there  is  no 
need  to  go  to  liquid  nitrogen  freezing. 

There  are  alternatives  to  LNF  which 
would  provide  center  freezing  times  of  6  to 
10  minutes  or  less.     Proposals  have  been 
made  to  use  liquid  nitrous  oxide,  which  boils 
at  about  -127°  F,  or  certain  of  the  freons. 
These  substances  appear  to  offer  some 
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advantages  over  liquid  nitrogen  but  because 
they  are  somewhat  expensive,  it  would  be 
necessary  to  operate  the  freezing  equipment 
as  a  closed  system,  recovering  the  gas  and 
reliquefying  it.    Both  liquid  and  solid  carbon 
dioxide  have  also  been  proposed  for  achieving 
very  rapid  freezing  (8). 

A  more  promising  alternative,  perhaps, 
is  the  fluidized  bed  freezer  (1,   10).     Several 
of  these  are  already  in  comnTercTal  use  in 
this  country.     This  type  of  equipment  consists 
of  a  trough  with  a  perforated  or  wire  mesh 
bottom  through  which  refrigerated  air  is 
blown  at  a  relatively  rapid  rate.     The  prod- 
uct to  be  frozen  is  introduced  at  one  end  of 
the  trough  and  the  individual  pieces  are  sus- 
pended in  the  upward-moving  air.     Because 
each  piece  is  surrounded  by  rapidly  moving, 
refrigerated  air,  freezing  is  quite  rapid  and 
uniform.     The  product  gradually  moves  down 
the  trough  and  overflows  a  weir  at  the  far 
end. 

We  have  not  yet  had  an  opportunity  to 
measure  the  center  freezing  time  achieved 
in  fluidized  bed  freezers  but  the  manufactur- 
ers of  one  unit  state  that  peas  require  7 
minutes  total  freezing  time  if  they  go  into 
the  freez"eFat  40° F.  and  out  at  0°F.    With 
a  total  freezing  time  of  7  minutes  we  would 
expect  a  center  freezing  time  of  the  order  of 
4  minutes,  which  is  substantially  shorter 
than  the  critical  freezing  time  found  for  green 
beans. 

Another  possible  alternative  to  LNF  is 
modification  of  the  conventional  belt  freezer. 
The  center  freezing  time  need  only  be  cut  in 
half,  that  is,  from  about  15  minutes  to  about 
6  to  10  minutes,  in  order  to  freeze  green 
beans  without  tissue  damage.     This  we  believe 
could  be  accomplished  by  loading  the  belt 
less  heavily,  speeding  it  up,  and  providing  a 
substantially  higher  velocity  of  air.    It  might 
also  be  necessary  to  lower  the  temperature 
of  the  air  somewhat  below  the  -20°  F.  that  is 
commonly  used  today. 

Summary 

In  summary  we  should  like  to  make  the 
following  points: 

(1)    Liquid  nitrogen  freezing  preserves 
the  texture  of  green  beans  and  certain  other 
foods  better  than  conventional  quick  freezing 
methods. 


(2)  We  do  not  now  have  a  very  complete 
understanding  of  what  takes  place  when  a 
plant  or  animal  tissue  is  frozen,  or  of  the 
cause  of  tissue  damage, 

(3)  A  very  simple  histological  technique 
to  assess  tissue  damage  is  now  available. 

(4)  LNF  can  give  a  freezing  rate  in 
green  beans  approximately  50  times  faster 
than  that  required  to  avoid  tissue  damage. 

(5)  There  are  various  alternatives  to 
liquid  nitrogen  freezing  which  should  be 
less  costly  and  may  have  other  advantages. 

(6)  We  need  to  know  which  foods  show 
substantially  improved  quality  when  frozen 
very  rapidly,  for  example,  by  LNF. 

(7)  We  need  information  on  the  critical 
center  freezing  times  of  all  the  fruits,  vege- 
tables, and  other  foods  which  show  quality 
improvement  when  very  rapidly  frozen  in 
order  to  provide  a  basis  for  the  selection  of 
the  most  appropriate  freezing  method. 
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DISCUSSION 


Question:    In  this  methanol  evaluation; 
doesn't  it  dissolve  more  than  the  ice?  What 
do  you  think  the  ice  solvent  should  be? 

H,  K.  Burr:    In  the  methanol  procedure  for 
preparing  sections  of  green  bean  tissue,  un- 
doubtedly the  methanol  does  dissolve  some 
things  beside  the  ice.    Essentially  it  dis- 
solves the  ice  out  of  the  tissue.    In  fact, 
comparison  of  sections  prepared  by  this 
methanol  technique  and  by  the  much  more 
elaborate  histologic  technique,  shows  that 
methanol  is  best  for  removing  ice.    In 
ethanol,  you  will  get  shrinkage. 

Question:    Have  you  investigated  the  loss  in 
quality  which  you  get  on  commercial  storage 
of  these  products  ? 

H.  K.  Burr:    No.    We  are  dealing,  so  far  at 
least,  merely  with  the  initial  quality. 

Question:    We  froze  fish  back  about  1930  by 
immersion  freezing  and  we  got  the  same 
quick  freezing  time,  but  after  commercial 
storage  for  several  months,  a  lot  of  that 
quality  improvement  was  lost. 

H.  K.  Burr:    This  is  certainly  one  of  the 
questions  that  we  want  to  follow  up  because 
it  has  been  suggested  that  during  commercial 


storage  you  may  lose  the  advantage  that  you 
gain  by  going  to  extremely  rapid  freezing. 

Question:    This  is  a  theoretical  question  in 
regard  to  the  nature  of  damage  by  freezing. 
Would  it  be  possible  to  make  studies  of  frost- 
resistance  and  winter -hardiness  of  plants, 
which  vary  quite  widely  in  nature,  and  maybe 
find  an  answer  to  the  question  that  way?    Bi 
other  words,  why  do  some  plants  resist 
freezing  without  damage,  that  is,  go  through 
the  winter,  and  other  plants  are  very  sensi- 
tive to  it? 

H.  K.  Burr:   Well,  work  has  been  done  in 
this  area,  and  one  of  the  references  that  will 
appear  in  the  published  proceedings  is  to  a 
study  made  by  Asahina,  a  Japanese  who  un- 
fortimately  publishes  his  results,  in  English, 
in  a  rather  obscure  place.    What  he  was  try- 
ing to  get  at  was  the  mechanism  of  frost  re- 
sistance in  living  plants.    Now,  our  concern, 
of  course,  to  this  point,  has  been  with  a 
dead  plant  tissue.    We  have  blanched  the  green 
beans  so  they  are  dead.    I  would  say,  however, 
that  in  spite  of  the  work  of  Asahina  and  many 
other  people,  we  still  are  pretty  ignorant  of 
the  phenomena  of  freezing  in  both  living  and 
dead  plant  and  animal  tissues. 

Of  course,  one  place  where  they  are  very 
interested  in  maintaining  vitality  is  in  the 
freezing  of  blood  cells,    and  in  the  freezing 
of  semen  for  artificial  insemination.    But 
here  you  are  talking  about  freezing  rates  that 
are  far  faster  even  than  those  of  which  I 
spoke  --  not  ten  seconds,  but  a  matter  of 
milliseconds.      You   have   to   spray   the 
blood   in   the   form   of   fine   droplets    di- 
rectly  into    liquid   nitrogen,    and   you   prob- 
ably  achieve    center   freezing   times,    if 
I   can   use   that   term,    in   the    order    of 
perhaps   a   hundredth   of   a   second   in 
order   to    maintain   vitality   in   the    cells. 


QUICK-COOKING  DEHYORATED  FRUITS  AND  VEGETABLES 
BY  EXPLOSIVE  PUFFING 

by 

J.   Cording,  Jr. 

Eastern  Utilization  Research  and  Development  Division 

Philadelphia,  Pa. 


There  has  long  been  a  need  for  a  dehydra- 
tion process,  operable  at  moderate  cost,  ap- 
plicable to  relatively  large  pieces  of  fruits 


and  vegetables,  which  can  yield  products 
capable  of  rapid  reconstitution.    Such  prod- 
ucts cannot  be  made  by  conventional  hot  air 
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drying  methods.     The  reasons  why  are  well 
put  in  the  book,  "Potato  Processing"  in  the 
chapter  on  "Dehydrated  Diced  Potatoes"  (1), 
from  which  I  quote:    "Piece  size  has  a  tre- 
mendous effect  on  drying  rate.     This  has 
been  a  limitation  in  expanding  the  use  of  de- 
hydrated foods  and  especially  in  producing 
products  for  remanufacturing  uses  such  as 
in  stews,  salads  and  other  recipes  that  norm- 
ally use  a  relatively  large  piece.    An  in- 
crease in  thickness  of  piece  size  from  1/8 
inch  to  1/2  inch  will  reduce  dehydrator  capa- 
city by  about  90  percent.  "    Even  if  large 
pieces  could  be  made  by  conventional  hot  air 
drying  they  would  require  extremely  long 
time  for  reconstitution. 

As  a  means  of  solving  this  problem  we 
thought  it  might  be  possible  to  modify  tempor- 
arily the  internal  structure  of  a  piece  of  fruit 
or  vegetable  so  that  drying  and  reconstitution 
could  be  accomplished  rapidly.    Obviously, 
these  structure  changes  would  have  to  be 
such  that  the  texture  of  the  reconstituted 
product  would  be  as  similar  as  possible  to 
that  of  the  fresh  product.    Could  this  be  done 
by  explosive  puffing? 

The  puffing  of  cereals  has  been  done  for 
half  a  century  and  many  of  you  have  no  doubt 
seen  on  television  antique  cannons  with  puffed 
cereals  spewing  from  their  muzzles  while  a 
white -uniformed  foreman  repeatedly  shouts 
"fire"--all  to  the  accompaniment  of  Tchaikov- 
sky's 1812  Symphony.     This  is  not  quite  what 
we  had  in  mind. 

In  the  puffing  of  cereals  the  object  is  to 
permanently  alter  the  structure  of  the  grain, 
increasing  its  volume  sometimes  as  much  as 
15-fold,  yielding  a  product  with  little  re- 
semblance to  the  starting  material.     This  is 
accomplished  using  grain  of  low  moisture 
content  and  emplc^ng  pressures  of  200 
pounds  or  more  per  square  inch  during  puff- 
ing.   In  contrast,  if  our  idea  was  to  be  suc- 
cessful the  dehydrated  pieces  on  reconstitu- 
tion would  have  to  come  back  to  the  same 
size,  shape,  and  if  possible,  the  same  tex- 
ture as  freshly  cooked  pieces  of  corres- 
ponding size. 

To  try  this  we  purchased  a  small  cereal 
puffing  gun.    It  was  of  heavy  cast  iron,  rough 
on  the  inside  and  had  a  primitive  closing 
mechanism.    It  was  heated  externally  with  a 
gas  flame  and  when  sufficient  pressure  had 
been  obtained  it  was  fired  by  hitting  the  latch 
with  a  hammer.     Even  with  this  crude  be- 


ginning we  were  able  to  show  that  some  unique 
dehydrated  products  could  be  made.     For  in- 
stance (by  puffing)  3/8 -inch  dehydrated  carrot 
dice  could  be  made  which  were  ready  for 
eating  in  5  minutes  boiling  instead  of  45 
minutes  customarily  needed  for  conventional 
hot  air  dried  pieces  of  the  same  size. 

The  basic  principle  of  the  process  as 
finally  worked  out  is  quite  simple.    It  merely 
entails  partially  drying  the  pieces  generally 
to  about  30  percent  moisture,  charging  them 
into  a  gun  where  they  are  brought  quickly  to 
a  temperature  which  superheats  the  contained 
moisture  in  the  piece  above  its  atmospheric 
boiling  point.     This  is  possible  because  of 
the  pressure  which  develops  in  the  gun  dur- 
ing heating.    When  the  gun  is  fired,  a  small 
percentage  of  the  moisture  is  instantly  vapor- 
ized, creating  a  porous  structure.     This  en- 
ables the  final  stages  of  drjring  to  be  carried 
out  in  a  conventional  way  with  hot  air  but  at  a 
greatly  accelerated  rate.    Moreover,  final 
moistures  lower  then  those  feasible  with  un- 
puffed  pieces  can  be  easily  obtained.    Most 
important  of  all  the  dried  pieces  take  up  hot 
water  very  quickly  and  are  ready  for  eating 
in  2  to  5  minutes  boiling. 

For  each  fruit  or  vegetable  there  is  an 
optimum  range  of  moisture  in  the  piece  and 
an  optimum  puffing  pressure.    Let  us  con- 
sider carrots  for  example.     Figure  1  shows 
the  range  of  moisture  in  the  piece  and  the 
puffing  pressures  which  yield  good  products. 
Any  combination  of  piece  moisture  and  pres- 
sure within  the  encircled  area  is  satisfactory. 
Pressure  above  about  42  pounds  per  square 
inch  either  scorches  the  pieces  if  moisture 
is  low  or  blows  them  to  bits  if  moisture  is 
high.    Below  about  25  pounds  per  square 
inch  no  puffing  occurs  regardless  of  mois- 
ture content.    In  practice  we  would  operate 
at  about  30  pounds  per  square  inch  and  all 
pieces  between  25  and  55  percent  moisture 
would  puff  satisfactorily.    At  moistures  to 
the  left  of  the  dotted  line  little  collapse  of 
pieces  after  puffing  was  noted.    Actually 
closer  control  of  moisture  is  both  desirable 
and  feasible.     Twenty  to  30  percent  is  opti- 
mum. 

The  contrast  between  explosion-puffed 
dehydrated  pieces  and  those  conventionally 
dried  is  apparent  in  figure  2,    All  these 
pieces  have  been  simmered  5  minutes.   Those 
on  the  left  (a)  are  fresh  carrots--still  not 
soft  enough  to  eat.     Those  in  the  middle  (b) 
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Figure  1.— Puffing  pressure  vs.  moisture  content,  3/8"  carrot  dice. 


have  been  conventionally  dried.    It  is  appar- 
ent that  they  have  barely  begun  to  pick  up 
water;  another  40  minutes  would  be  required 
to  complete  their  cooking.    Samples  labeled 
(c)  were  explosion  puffed  and  dehydrated. 
They  have  regained  their  shape  and  size  and 
are  ready  to  eat. 

Why  explosion-puffed  dehydrated  pieces 
rehydrate  so  rapidly  is  apparent  fromfigureS. 
This  shows  cross  sections  of  explosion  puffed 
(on  the  left)  and  regular  dehydrated  3/8-inch 
potato  dice  on  the  right.    On  rehydration  the 
explosion-puffed  material  swells  and  the 
holes  disappear,  yielding  products  with  the 
same  appearance  and  mouth  feel  as  the 
freshly  cooked  vegetable. 

While  we  are  speaking  of  potatoes  we 
can  look  at  some  explosion-puffed  slices 
(figure  4).    Again  the  explosion -puffed  slices 
are  on  the  left.     Equal  amounts  are  in  each 
pile,  so  you  can  see  they  are  no  more  bulky 
than  the  now  familiar  product  on  the  market. 


They  permit  making  scalloped  or  au  gratin 
potatoes  in  15  minutes'  baking  instead  of  the 
usual  45  minutes  to  one  hour. 

Finally  (in  figure  5)  we  see  the  long- 
sought  stew  chunks.     These  were  1-1/2  in. 
X  1-1/2  in.  X  3/4  in.    Reading  the  rows  left 
to  right,  we  have  in  the  first  row,  pieces 
dried  to  about  25  percent  moisture;  in  the 
center  row  the  pieces  are  puffed  and  dried; 
and  finally  we  see  them  in  the  last  row, 
ready  to  eat  after  only  5  minutes'  cooking. 

There  was  no  suitable  gim  available  for 
puffing  dehydrated  fruits  and  vegetables.  We 
had  therefore,  to  design  our  own.    It  was 
built  by  a  Philadelphia  firm  and  has  proven 
highly  satisfactory.    Detailed  construction 
drawings  are  available  and  several  compan- 
ies are  having  units  made  for  commercial 
use.    It  has  a  capacity  (with  carrots  for  in- 
stance) of  ten  20-pound  charges  per  hour; 
somewhat  less  perhaps  for  fruits.    It  is 
shown  in  figure  6  in  the  operating  position. 
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Figure  2.— Carrot  Dice:    Fresh  (a);  conventionally  air  dried  (b);  and  explosion  puffed  (c).    All  sinunered  5  min.  in  water. 
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Figure  3.— Cross  sections  3/8"  potato  dice.    Explosion  puffed  (left);  conventionally  air  dried  (right). 
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Figure  4.— Explosion  puffed  (left)  and  conventionally  hot  air  dried  (right)  potato  slices. 


Figure  5.— Potato  chunks  iW  x  Hi"  x  l'/2").    Before  puffing,  25%  moisture  (left);  after  puffing  and  final  drying  (center); 
simmered  5  min.  (right). 
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Figure  6.— EURDD  puffing  gun  in  operating  position  rotating  with  charge  in. 


The  stainless  steel  rotating  cylinder  of  the 
gun  proper  is  not  visible  as  it  is  housed  with- 
in the  shell.     The  piston  on  top  is  the  com- 
pressed air  mechanism  for  closing  and  trip- 
ping the  lid.    The  pipes  underneath  are  gas 
burners  used  to  preheat  the  charge  and  to 
maintain  a  sufficiently  high  wall  temperature 
to  prevent  condensation  of  the  injected  steam. 
The  superheated  steam  is  introduced  at  the 
back  of  the  gun  through  a  rotary  joint.     The 
operator  holds  the  pushbutton  control  station 
from  which  we  start  or  stop  gun  rotation  and 
open  or  close  the  lid. 

Operation  of  the  gun  is  as  follows:    By 
the  gas  flame  underneath,  the  gun  wall  is 
brought  to  the  desired  temperature  of  about 
350°  F. ,  which  is  measured  by  a  sliding 
thermocouple  on  its  surface.     The  gim  is 
then  opened,  tilted  45  degrees  upward  from 
the  horizontal  and  charged.     The  lid  is  closed 
and  locked.    It  is  then  tilted  to  the  horizontal 
position  and  rotation  is  started.    With  the  gas 
burners  lighted  the  charge  is  tumbled  for  a 
minute  and  a  half.    This  forewarms  the  pieces 


so  that  condensation  will  not  take  place  when 
the  superheated  steam  is  injected.    With  the 
burners  still  lighted,  steam  at  about  500°  F. 
is  admitted  and  within  less  than  a  minute  the 
desired  pressure  of  35  pounds  per  square 
inch  in  the  gun  is  reached.     This  is  held  for 
1/2  minute  to  ensure  superheating  the  con- 
tained moisture  in  each  piece.     The  gun  is 
then  tilted  to  firing  position,  the  gates  to  the 
collection  chute  are  closed,  the  burners  ex- 
tinguished and  the  gun  is  fired.     There  is  a 
loud  bang,  a  bvirst  of  steam  and  the  charge 
is  blown  into  a  30-foot  collection  chute,  from 
which  it  is  removed  for  final  drying. 

The  next  few  figures  afford  a  closer  look 
at  the  gun. 

Figure?,    Here  the  gun  is  being  charged. 

Figure  8.    This  is  a  close  look  at  the 
locking  mechanism.  It  is  toggle,  unique  in  that 
the  greater  the  pressure,  the  tighter  it  locks. 

Figure  9.     The  gates  are  now  closed  and 
the  gun  points  directly  into  the  collection 
chute  preparatory  for  firing. 
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Figure  7.— EURDD  gun  charging  position. 

The  attributes  of  explosion -puffed  dehy- 
drated foods  are  all  on  the  plus  side  com- 
pared to  conventionally  dried  products,  with 
one  exception.     They  are  somewhat  more 
bulky  and  hence  cost  more  to  package.   This 
has  now  been  overcome  in  the  case  of  carrot 
dice.    In  fact,  we  have  made  explosion-puffed 
carrot  dice  that  are  actually  less  bulky  than 
conventionally  dried  pieces  of  the  same  initial 
size.     Like  so  many  advances  in  technology, 
this  was  the  consequence  of  an  accidental 
discovery.    With  the  more  efficient  gun, 
larger  charges  became  possible  and  these 
exploded  with  such  violence  that  it  was  diffi- 
cult to  avoid  collapsing  them  again  in  the 
collection  chute.    Although  the  collapsed 
pieces  looked  strange,  it  was  foimd  that  they 
rehydrated  just  as  quickly  as  the  uncollapsed 
ones.    Why  not  then  deliberately  collapse 
them  and  enjoy  the  benefits  of  reduced  bulk? 
This  has  proven  simple  and  practical. 


The  puffed  dice  are  still  moist  and  thermo- 
plastic as  they  come  from  the  gun.    At  this 
stage  they  can  be  passed  between  rollers  set 
as  close  as  1/32  of  an  inch.     This  gives 
flattened  shapes  which,  when  dried,  have  a 
bulk  density  between  28  and  30  pounds  per 
cubic  foot  as  contrasted  to  about  20  pounds 
per  cubic  foot  for  the  puffed  pieces  dried 
without  squeezing.     The  squeezed  pieces 
actually  have  a  higher  bulk  density  than  con- 
ventionally hot  air  dried  pieces  of  the  same 
initial  size  and  shape.    It  is  hard  to  believe 
that  these  compressed  dice  rehydrate  just  as 
quickly  as  the  uncompressed  ones  and  fully 
regain  their  cubical  shape  in  5  minutes' 
simmering.     They  do,  however.    It  appears 
that  the  pores  formed  in  puffing  are  tempor- 
arily collapsed  by  squeezing  but  rapidly  re- 
appear when  the  pieces  are  put  in  boiling 
water. 
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Figure  8— EURDD  gun  showing  lid  and  toggle  closure. 


The  process  has  thus  far  been  success- 
fully applied  to  vegetables  such  as  potatoes, 
carrots,  beets,  sweet  potatoes,  rutabagas 
and  apples  and  blueberries  as  well. 

Explosion-puffed  apple  segments  (figure 
10)  can  be  readied  for  a  pie  filling  by  5 
minutes'  boiling  in  contrast  to  at  least  5 
hours'  soaking  customarily  employed  with 
other  types  of  dehydrated  apples;  or,  the 
explosion-puffed  dried  pieces  can  be  crushed 
to  yield  a  truly  instant  applesauce.     The 
sauce  has  the  appearance  and  grain  of  the 
familiar  canned  product  but  possesses  more 
the  flavor  of  a  baked  apple  than  a  stewed 
apple.    We  are  currently  cooperating  with 
the  Musselman  Division  of  the  Pet  Milk 
Company  on  a  large  market  test  with  the 
instant  applesauce. 


What  do  explosion-puffed  dehydrated 
products  cost?    Our  estimates  indicate  that 
carrots  can  be  puffed  to  sell  at  a  price  no 
more  than  about  15  percent  higher  than  that 
of  conventionally  hot  air  dried  pieces  of  the 
same  size.     This  is,  of  course,  vastly 
cheaper  than  freeze  drying. 

What  about  nutritive  value?    We  have 
recently  shown  that  in  spite  of  the  fairly 
drastic  treatment  in  explosion  puffing,  the 
carotene  content  of  reconstituted  explosion 
puffed  carrots  is  higher  than  that  of  the 
same  carrots  reconstituted  after  convention- 
al drying. 

What  are  the  commercial  prospects? 
One  large  company  in  California  is  offering 
explosion-puffed  dehydrated  carrots  in 
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Figure  9.-EURDD  gun  firing  position. 


Figure  10.— Explosion  puffed  apple  products  rehydrated. 
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100-ton  lots  made  by  what  is  reported  to  be 
a  modification  of  our  basic  process.    Guns 
built  from  our  designs  are  in  operation  now 
in  Japan  and  the  American  manvifactiirer  who 
made  our  unit  has  received  orders  from  two 
companies  in  Germany.    We  have  no  way  of 
knowing  how  many  other  companies  here  and 
abroad  are  building  guns  from  our  designs 
and  experimenting  with  the  process. 


I  may  be  somewhat  subjective  in  my 
viewpoint  but  I  believe  explosion  puffing  is 
the  biggest  advance  in  dehydration  since 
freeze  drying  and  will  find  wide  use  with 
other  fruits  and  vegetables  as  well  as  those 
already  tested. 


Reference 


Although  batch  guns  are  entirely  feasible 
commercially  (the  cereal  people  are  still 
using  them),   we  have  not  overlooked  the 
possibility  of  a  continuous  puffer.    In  fact, 
we  have  designed  one  which  is  now  being 
built. 


1.      Kueneman,  R.W. ,  "Dehydrated  Diced 
Potatoes,"  Chapter  14,  p.  365,  in  "Potato 
Processing"  by  Taulburt,  W.  F.,  and  Smith 
O.     The  Avi  Publishing  Co.  ,  Westport, 
Conn.  (1959). 


COMPARISON  OF  FOOD  DEHYDRATION  TECHNIQUES 


by 
E.  Seltzer 
T.  J.   Lipton,  Inc. 
Englewood  Cliffs,  N.  J. 


Most  of  us  here  today  are  food  scientists 
with  some  specialty  in  food  technology.    As 
such,  we  have  all  at  one  time  or  another  had 
a  hand  in  drying  some  kind  of  food,  perhaps 
only  for  analytical  moisture  determinations. 
But  we  remember,  some  of  us  only  vaguely, 
that  drying  means  removal  of  water  or  other 
liquids  from  gases,  liquids  or  solids;  and  de- 
hydration usually  is  accepted  to  mean  drying 
of  foods  by  artificial  thermal  means  -  in 
contradistinction  to  natvural  means  as  by  sun 
or  wind  (solar  evaporation,  e.  g. ,  salt, 
prunes,  raisins,  apricots).     By  our  defini- 
tion we  exclude  mechanical  methods  such  as 
filtration,  screening,  pressing,  centrifuging 
and  settling.    Evaporation  with  heat  differs 
from  our  arbitrary  definition  of  dehydration 
mainly  in  the  kind  of  equipment  used  and  in 
the  fact  that  it  involves  removal  of  larger 
amounts  of  water  than  in  dehydration. 

Two  physical  processes  are  involved  in 
dehydration  (drying): 

1.  transfer  of  heat  energy  to  evaporate 
water,  and 

2.  transfer  of  water  mass  as  vapor  and 
internal  water. 

The  heat  transfer  is  by  conduction,  convec- 
tion and  radiation  -  and  sometimes,  though 
rarely,  by  electrical  methods  such  as  high 
frequency  electrical  induction,  e.g.,  dielec- 
tric heating. 


If  this  were  a  university  lecture  or  an 
Institute  of  Food  Technologists  "short  course' 
I  would  now  proceed  to  deliver  a  systematic 
presentation  of  simple  drjdng  theory  and  then 
a  classification  of  drying  methods  and 
machines  in  accordance  with  the  patterns 
chosen  by  recognized  authorities.     For  ex- 
ample, Marshall  and  Friedman  (2)  classify 
dryers  by  the  method  of  heat  transfer: 


(2) 


(3) 


(1)    Direct,  which  is  usually  by  convec- 
tion, batch  or  continuous,  where 
hot  gases  supply  heat  and  carry  away 
water  vapor. 

Indirect,  which  is  usually  by  conduc- 
tion, batch  or  continuous,  where  heat 
is  transferred  through  a  retaining 
wall  and  the  water  vapor  is  removed 
independently  of  the  heating  medium. 
Radiant  (or  Mrared),=C=R4  (de- 
grees Rankine  or  Absolute).    With 
these  classes  of  dryers,  by  method 
of  heat  transfer,  I  could  now  proceed 
to  give  a  two  hour  presentation  of 
charts,  photographs  and  drawings 
which  could  be  educational  for  some 
and  a  review  for  others.    At  any  rate, 
it  would  usurp  a  whole  session  here 
and  could  be  a  sterile  experience  for 
those  of  you  who  are  not  novices  to 
food  dehydration. 

Another  less  painful  or  less  didactic  ap- 
proach to  dryer  classification  is  to  take  the 
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three  dryer  classes  chosen  by  Brown,  Van 
Arsdel  and  Lowe  (1),    Their  skeletal  classi- 
fication is  for  three  types  of  dryers: 


In  another  scheme  for  "Evolution  of  Dry- 
ing Techniques",  he  conceives  of  the  logical 
path  for  drying  solids  as  shown  in  figure  2. 


(1)  Air  convection  dryers 

(2)  Vacuum  dryers,  and 

(3)  Drum  or  roll  dryers. 

Now,  if  we  need  to  choose  a  dryer  or  a 
method  of  drying  we  can  narrow  the  choice  by 
whether  we  are  to  dry  a  food  from  the  liquid 
state  or  the  solid  state.    In  the  case  of 
liquids,  the  choice  becomes  narrower  in 
accordance  with  whether  we  are  dealing  with 
thin  fluids,  viscous  or  plastic  fluids,  or 
foams.    When  drying  solids,  the  choice  of 
method  or  equipment  is  narrowed  by  the 
physical  condition,  whether  the  food  con- 
sists of  chunks,  particles  or  powder. 

Chances  are  that  when  we  are  on  the  job 
(not  in  the  university)  we  would  not  go  through 
a  systematic  classification  and  we  would 
jump,  one  at  a  time,  to  hunches  or  to  what 
we  have  on  hand  in  the  pilot  plant  or  factory. 
Or  we  may  have  to  be  good  soldiers  and 
pamper  the  boss  who  just  discovered  a  pana- 
cea in  the  Wall  St.  Journal  or  Readers 
Digest.    Well  today  we  will  pretend  we  are 
righteous  scientists  and  we  will  check  out 
the  classifications,  such  as  the  one  by  Van 
Arsdel  and  his  co-authors  (1)  or  follow  some 
technical  rationale.    A  young  colleague  of 
mine,  M.  Hertzendorf,  who  has  a  systematic, 
uncluttered  mind,  thinks  in  terms  of  "Evolu- 
tion of  Drying  Techniques.  "    He  draws  simple 
diagrams,  one  of  which  would  be  a  pattern 
for  logical  investigation  of  liquid  drying  as 
shown  in  figure  1. 


EVOLUTION  OF  DRYING  TECHNIQUES 
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Figure  2.— Evolution  of  drying  techniques  —  II 

I  should  like  now  to  select  some  provoca- 
tive new  ideas  in  dehydration  and  to  explore 
their  significance  for  the  future.    Pll  draw 
examples  from  each  of  the  Van  Arsdel  classes 
of  dryers: 

A.    Air  Convection  Dryers: 

Spray  dryers  -  Gas  injection  devices 

patents  by  Heath  and  Washburn  -  1922 
U.S.   Patent  1,406,381 
Reich  and  Johnston  -  1957 
U.S.   Patent  2,788,276 

paper  by     Hanrahan  and  Webb  -  1961 
Food  Eng'g  33,  No.  8,  37-38 


EVOLUTION  OF  DRYING  TECHNIQUES! 
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Figure  1.— Evolution  of  drying  techniques  —  I 
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Effects  on  bulk  density,  dryability,  dryer 
design 

Agglomeration  techniques 
Peebles:    skim  milk 
Gruber:     coffee 

Birs  Dryer  -  "No  Heat"  Spray  Drying 
Plant  (figure  3) 

1,  IDIT  -  Siena,  Italy  50'  diam.  x 
220'  ht. 

2.  Unitroc  Ltd. ,  Burgdorf,  Switzer- 
land 


v-lC      u     '"Hi!' 
.ggkiiiii  iiiiii.,,  I' 


^\ 


•!i 


Figure  3.— Birs  spray  dryer 

A.  M.  F.  Microflake  Dryer  -  This  dryer 
illustrated  in  figure  4,  could  be  classified 
here  under  air  convection  or  later  under 
"drum  dryer".    Good  mass  transfer  through 
foam. 

Springdale,  Conn.  -  Tobacco  sheet,  foods  - 
Foam  with  Tween-mos  0.  7%  or  sucrose 
monopalmitate  0.  2%,    22-32%  solids  in  feed. 

Inject  N2  with  Oakes  Mixer  at  40-45  psi 
Foam  density  about  0.  55  g/cc  and  as  low  as 
0.  29  g/cc. 


Steam  chest  150-210°  F. 

Air  Oven,  3  stages  (200,   170,   150°F. ) 

Foam  Film  thickness  0.  01  -  0.  04  in. 

Air  temp,  above  belt:  125°  F.   -  Ambient  - 

175°  F.   -  Ambient 
East  Windsor  plant:  100  ft.  long  x  24  ft. 

wide 
Stamford  plant:  40  ft.  long  x  8  in.  wide 
Product  temp,  maximum  170°  F, 

Possible  applications:    Tomato,  tea,  coffee, 
food  pastes,  fruit  purees. 

Lipton  Granular  Food  Dryer  -  This  dryer 
is  adequately  depicted  in  figures  5  and  6. 

Vacuum  Dryers 

Figures  7  through  12  display  various 
types  of  vacuum  dryers  including: 

Freeze  Dryers:    "Sec"  Tray  Dryer  - 
freezing  in  dryer  chamber,  double 
wall  principle,  with  vac.  between. 
Vertical  tubular  types:    Inside 
tubes: 

Seffinga  -  showing  design,  filling, 
discharging. 

Outside  tubes:    Mitchell  Eng'g  Design 
(Edwards  High  Vac.  (not  shown) 
Eng'g)  Terence  Rowe 

Vacuum  Belt  Dryer:  Girdler  Votator 
(formerly  Chain  Belt) 

Drum  and  Roll  Dryers:    are  described  in 
figures  13  through  16.     These  include  stand- 
ard 2 -roll  dryer,  single  roll  with  planetary 
rolls,  (a)  pilot  plant  model,  (b)  potato  dryer 
in  use,  Beloit  Air  Cap  Dryer. 

Future  Progress:    Progress  in  food  de- 
hydration during  the  next  quarter  century  is 
expected  to  consist  primarily  in  elaboration 
and  refinement  of  existing  methods  as  con- 
sumer markets  expand  through  fulfillment  of 
needs  for  preservation,  quality  and  conveni- 
ence.   Broad,  simple,  universal  processes, 
analogous  to  freezing  for  frozen  foods,  though 
desirable  seem  technically  implausible  in  the 
future  of  food  dehydration.    Just  as  today 
each  drying  method  is  Limited  to  groups  of 
special  foods,  more  dryers  will  appear, 
each  rather  specific  to  a  single  food  or 
narrow  range  of  foods.     New  methods  of  de- 
hydration are  expected  to  be  developed  more 
and  more  specifically  for  individual  food  items  - 
virtually  a  custom  method  for  each  foods.  (3) 
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Figure  4.— A.M.F.  Microflake  dryer  (Photographs  furnished  through  courtesy  of  the  American  Machine  &  Foundry  Co.) 
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Figure  6.— Lipton  granular  food  dryer  (continuous). 


Figure  5.— Crous-section  of  Lipton  granular  food  dryer. 
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Figure  7.— "Radiation"  freeze-dryer 
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Figure  8.— Radiant  heat  type  dryer. 
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Figure  9. -Vertical  bundle  tube  dryer  (design). 


Figure  10.— Vertical  bundle  tube  dryer  (filling). 
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Figure  12.-Chain  belt  dryer 


Figure  13.— F2  double  drum  dryer. 
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Figure  Figure  14.— Pilot  model  single  roll  dryer 


Figure  15.— Single  roll  potato  dryer 
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Figure  16.— Beloit  "Air-Cap"  Dryer 
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HIGH-TEMPERATURE-SHORT-TIME  [HTST)  STERILIZATION 
OF  FOODS  AND  ASEPTIC  CANNING  METHODS 

by 

W.  M.  Martin 

Consultant 

San  Mateo,  California 


The  improvement  in  quality  of  foods 
sterilized  by  quick  high -temperature  pro- 
cesses as  compared  with  foods  sterilized 
by  the  prolonged  heat  treatment  used  in  con- 
ventional canning  methods  was  first  demon- 
strated by  Dr.  C.  Olin  Ball  over  thirty  years 
ago  (1).    This  discovery  led  to  the  invention 
and  development  of  the  first  commercial 
aseptic  canning  process  by  Dr.  Ball  and  his 
associates  in  the  Research  Department  of 


the  American  Can  Company  at  Maywood,  Illinois 
during  the  period  of  about  192  5  to  1935  (2 ,  3). 
The  first  commercial  installation  of  the  new 
process,  designated  as  the  HCF  (heat-cool-fill) 
process  by  Dr.  Ball,  was  used  in  canning  a 
milk  product  at  production  speeds  in  the  range 
of  200-2  50  6-ounce  cans  per  minute. 

In  this  brief  recognition  and  acknowledge- 
ment of  Dr.  Bail's  invention  and  development 
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of  the  first  commercial  aseptic  canning  pro- 
cess, I  should  like  to  point  out  that  these  de- 
velopments were  the  direct  outgrowth  of  his 
earlier  work,  in  which  he  made  a  thorough 
study  of  the  problems  involved  in  heat  pene- 
tration and  sterilization  of  various  types  of 
foods.     From  his  mathematical  analysis  of 
the  data  accumulated  in  those  early  experi- 
ments, Dr.  Ball  also  gave  the  canning  in- 
dustry a  much  needed  method  for  evaluating 
the  sterilization  value  (Fo)  of  heat  processes 
over  a  wide  range  of  temperatures  (2). 

Dr.  Ball's  important  work  in  this  field 
is  recognized  among  bacteriologists  and  food 
scientists  all  over  the  world  and  needs  no 
further  comment  in  this  discussion,  except 
to  say  that  this  early  work  was  the  sovind 
foundation  on  which  rests  our  present  know- 
ledge of  food  sterilization  in  all  its  ramifica- 
tions. 

Now,  let  us  get  directly  into  the  subject 
about  which  I  have  been  invited  to  talk  -  by 
answering  the  "Why"  and  "How"  questions 
which  I  am  sure  have  arisen  in  your  minds 
concerning  quick  high-temperature  steriliza- 
tion of  foods  and  aseptic  canning  methods  in 
general. 

First.    Why  use  the  quick  high-tempera- 
ture sterilization  method  instead  of  the  slow 
low -temperature  heat  treatments  such  as  are 
used  in  conventional  "in-can"  sterilization 
methods? 

There  are  two  answers  to  this  question. 
One  is  that  it  is  possible  to  sterilize  foods 
by  a  quick  high-temperature  heat  treatment 
with  minimum  change  or  degradation  in  the 
flavor,  color,  vitamins  and  physical  proper- 
ties of  the  food  constituents  themselves,  and 
the  other  is  that  the  equipment  system  em- 
bodying the  quick  high-temperature  process- 
ing principles  lends  itself  to  continuous  high- 
speed operation  under  automatic  instrument 
control  to  a  greater  degree  than  is  possible 
by  conventional  "in-can"  sterilization 
methods. 

How  is  this  possible?    The  answer  to 
this  question  will  be  most  easily  understood 
by  considering  the  effects  of  temperature  and 
time  in  the  destruction  of  heat  resistant  bac- 
terial spores  in  relation  to  the  chemical 
changes  which  affect  the  flavor,  color,  vita- 
mins, and  physical  texture  of  the  food  con- 
stituents during  the  sterilizing  heat  treatment. 


The  relation  of  temperature  and  time  to 
the  sterilization  value  of  heat  processes  in 
the  higher  temperature  range,  as  shown  by 
the  Ball  formula  (4)  is  as  follows: 

Fo  =   S     X     10^ 
60 

Where        x  =  T  -  250 


S  =  Time  in  seconds  during 

which  product  is  held  at 
process  temperature  T. 

T  =  Temperature  in  °F.  of 

product  during  process 
time  S. 

Z  =         Slope  of  thermal  death - 
time  curve  in  °  F.  ,  which 
for  most  of  the  common 
low -acid  food  products  has 
been  found  to  be  18°  F. 

In  the  above  formula,  250° F.  is  taken  as 
a  standard  reference  temperature,  and  the 
sterilization  value,   Fo,  is  expressed  as  time 
in  minutes  at  this  temperature.     The  steriliza- 
tion values  (Fo)  are  thus  expressed  on  a  com- 
parable basis  irrespective  of  actual  process 
temperature. 

To  illustrate  the  practical  significance 
of  the  quick  high-temperature  sterilization 
processes  as  used  in  the  present  sterile 
canning  system,  assuming  a  minimum  pro- 
cess for  the  destruction  of  heat-resistant 
spores  such  as  those  of  Clostridium  botulin- 
um  to  be  Fo  =  4,  with  an  added  100  percent 
margin  of  safety  (Fo  =  b),  the  comparable 
process  times  for  equivalent  sterilization 
processes  at  various  temperatures  will  be 
as  follows: 


Relation  of  Temperature 

and  Time  In 

Equivalent  Sterilization  Processes 

Process 

Process 

Sterili- 

Tempera- 

Time 

zation 

op 

Minutes 

Value 

Fo 

214 

800. 

8 

232 

80. 

8 

250 

8. 

8 

268 

0.  8      (48  seconds) 

8 

286 

0.08    (4.  8  sec 

;onds) 

8 

304 

0.  008  (0.  48  seconds) 

8 
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It  will  be  seen  from  the  above  relation- 
ship of  temperatures  and  time  for  equivalent 
processes  over  a  wide  range  of  temperatures 
that  extremely  short  processes  are  adequate 
for  sterilization  in  the  higher  temperature 
range.    It  is  quite  generally  recognized  in  the 
food  processing  industry,  that  the  natural 
flavor,  color,  texture,  and  vitamin  constitu- 
ents of  fresh  food  ingredients  are  retained  to 
a  higher  degree  through  the  short-time,  high- 
temperature  sterilization  process  than  in  the 
conventional  canning  process  in  which  the 
same  food  components  are  subjected  to  pro- 
longed heating  in  the  lower  temperature 
range. 

The  retention  of  quality  in  foods  steril- 
ized by  the  quick  high-temperature  process, 
is  explained  by  the  fact  that  the  lethal  effect 
of  heat  in  the  destruction  of  bacterial  spores 
increases  at  a  very  much  higher  rate  with  in- 
creasing temperature  than  the  chemical 
changes  which  are  responsible  for  the  de- 
gradation of  flavor,  color,  texture  and  vita- 
mins initially  present  in  the  fresh  food  mater- 
ials.   In  fact,  the  sterilizing  effect  or  leth- 
ality of  the  heat  treatment  with  increasing 
temperature,  time  being  constant,  increases 
ten-fold  with  each  increase  of  18°  F,  in  pro- 
cess temperature,  while  the  chemical  re- 
actions or  changes  which  are  responsible  for 
degradation  of  quality  factors  involving  flavor, 
color,  texture  and  vitamins,   show  only  a  two- 
fold change  for  the  same  increase  in  process 
temperature.    In  other  words,  the  lethal 
effect  of  the  heat  treatment  in  the  destruction 
of  bacterial  spores  increases  ten-fold  while 
chemical  reactions  involving  changes  in  the 
food  constituents  are  increased  only  two-fold 
(doubled)  for  each  increase  of  18°  F.  in  pro- 
cess temperature.     The  practical  signific- 
ance of  this  temperature-time  relationship 
is  that  it  makes  possible  the  sterilization  of 
food  products  in  the  higher  temperature 
range  with  minimum  change  in  flavor,  color 
and  vitamin  constituents. 

The  advantages  of  the  quick  high-temp- 
erature sterilization  process  used  in  conjunc- 
tion with  the  aseptic  canning  procedure  are 
that  it  not  only  makes  possible  the  production 
of  finished  canned  products  of  better  flavor, 
color,  texture  and  vitamin  content  than  an 
equivalent  process  in  the  lower  temperature 
range,  such  as  is  used  in  conventional  canning 
methods,  but  it  also  provides  for  continuous 
high-speed  canning  operations  with  more  pre- 
cise automatic  controls,  with  consequent 
savings  in  labor,  heat-energy  and  cooling 
water  costs. 
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Having  considered  the  advantages  of 
quick  high-temperature  sterilization  and 
aseptic  canning  methods  we  now  come  to 
the  question  as  to  why  more  progress  has 
not  been  made  in  the  commercial  applications 
of  such  methods  since  their  discovery  more 
than  thirty  years  ago.     The  answer  to  this 
question  is  that  aseptic  canning  methods  have, 
until  recently,  been  confined  largely  to  liqvii- 
form  foods.     The  problems  of  handling  solid 
type  foods  through  the  quick-heating,  holding, 
cooling  and  filling  operations  had  to  be  solved 
before  the  aseptic  canning  methods  as  such 
could  be  extended  to  a  full  range  of  food  prod- 
ucts. 

It  was  to  meet  this  need  that  experiment- 
al work  on  the  development  of  equipment  for 
quick  high-temperature  processing  of  particu- 
late type  foods  was  undertaken  by  the  writer 
and  associates  in  the  Heublein,  Inc.  organi- 
zation at  Menlo  Park,  California.     The  im- 
mediate objective  of  the  work  was  to  design 
a  complete  equipment  system  for  processing 
and  canning  particulate  foods  (solid-liquid 
mixtures)  such  as  beef  stew,  chicken  a  la 
King,  veal  scalopini,  beef  strogonoff  and 
other  meat  and  vegetable  mixtures,  without 
attrition  or  disintegration  of  the  solid  food 
components.     The  sequence  of  operations, 
carried  on  as  a  continuous  process  in  the 
complete  equipment  system,  (5,  6,  7,  8,  9) 
includes: 

(1)   pre -cooking  or  blanching  of  each  of 
several  solid  food  components  for  optimum 
palatability,  (2)  metering  each  solid  compon- 
ent and  liquid  continuously  in  required  pro- 
portions, (3)  heating  the  mixture  quickly  to 
process  temperature  in  the  range  of  285°- 
300°F. ,  (4)  holding  the  product  mixture  at 
such  process  temperature  for  sufficient  time 
to  permit  heat-penetration  into  solid  com- 
ponents for  complete  sterilization,  (5)  cool- 
ing the  mixture  rapidly  to  100°-120°  F. ,  (6) 
filling  the  cooled  sterile  mixture  into  pre- 
sterilized  containers,  and  (7)  sealing  sterile 
closures  onto  the  filled  containers  xmder 
aseptic  conditions. 

The  equipment  and  methods  of  the  new 
process  have  been  carried  through  the  ex- 
perimental stages  of  development  and  sub- 
jected to  tests  in  which  many  thousands  of 
samples  of  particulate  soups  were  packed. 
The  several  items  of  equipment  embodied  in 
the  process  constitute  a  complete  equipment 
system  for  processing  and  canning  not  only 
particulate  products  such  as  meat  and  vege- 
table mixtures,  creamed  vegetables,  sand- 


wich  spreads,  dessert  puddings  and  other 
convenience  foods,  but  the  same  equipment 
system  may  be  used  equally  satisfactorily 
for  canning  liquiform  foods  (10,  11),     Last, 
but  not  least  important,  the  equipment  and 
methods  of  the  new  system  are  adaptable 
for  sterile  packaging  foods  in  all  types  and 
sizes  of  containers,  ranging  from  the  small- 
est baby  food  size  to  5 5 -gallon  Sterilpac 
drums  -  and  without  sacrificing  the  improved 
quality  made  possible  by  the  quick  high- 
temperature  process. 
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OUTLOOK  FOR  UTILIZATION  OF  SOUTHERN  FOOD  CROPS 

by 

J,   C.  Miller,  Head 

Department  of  Horticulture,  Louisiana  State  University 

Baton  Rouge,  Louisiana 


Probably  no  other  area  of  the  world 
offers  greater  opportunity  for  the  production 
of  food  crops  for  processing  than  do  the 
Southern  States.     The  climatic  conditions 
present  almost  a  year-round  growing  season, 
and,  in  most  instances,  the  soil  is  ideally 
suited,  particularly  with  proper  nutrition 
and  irrigation.    Another  factor  in  favor  of 
this  area  is  the  availability  of  land  and  the 
reasonable  closeness  to  the  major  centers 
of  population.     Finally,  in  many  sections  of 
the  West  people  are  occupying  some  of  the 
better  land  and  are  competing  for  the  limited 
water  supply,  which  is  already  bringing  about 
a  shift  to  our  area. 

Until  recently  the  whole  philosophy  was 
to  produce  for  the  fresh  market.  However, 
a  big  change  has  taken  place  in  this  concept. 


Consider  the  case  of  the  orange  as  an  illus- 
tration.    Twenty-five  years  ago  I  recom- 
mended that  we  plant  more  orange  trees  in 
Louisiana.    We  were  discouraged  in  doing  so 
since  many  people,  including  some  of  our 
administrators,  believed  that  there  would  be 
an  oversupply.    However,  the  rapid  utiliza- 
tion of  frozen  orange  concentrate,  which  is 
being  processed  by  Florida  and  California, 
has  completely  changed  the  picture,  and  the 
demand  for  this  product  exceeds  the  supply. 

The  same  growth  applies  to  our  sweet 
potato  industry.     Pardon  my  citing  this  ex- 
ample, but  it  is  a  problem  on  which  we   have 
placed  major  emphasis  and  have  furnished 
fovmdation  seed  not  only  to  Louisiana  growers 
but  to  practically  all  other  States  now  produc- 
ing this  important  crop.    At  this  time  we  are 
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processing  over  50  percent  of  our  crop  and 
are  supplying  more  than  hali  of  the  total 
amount  of  sweet  potatoes  processed  in  the 
United  States.     Fifteen  plants  are  now 
canning  sweet  potatoes  alone,  and  an  equal 
number  include  sweet  potatoes  as  one  of  the 
products  they  process.  In  addition,  Louisiana 
has  two  freezing  plants  and  two  flaking  plants. 
Through  production,  marketing  and  process- 
ing of  this  crop,  more  people  are  employed 
in  Louisiana  than  in  any  other  crop  except 
cotton.     The  orange  and  the  sweet  potato  re- 
present two  good  cases  as  to  what  can  be 
done  with  a  crop  if  the  individuals  interested 
will  devote  time  and  energy  to  developing 
the  product  as  well  as  the  processing  phase. 

Some  of  our  other  vegetable  crops  that 
could  be  greatly  expanded  are  southern  peas 
(cowpeas).    Every  Southern  State  has  a  pro- 
duction  program  and,  in  most  cases,  a 
breeding  program  with  southern  peas.    How- 
ever,, this  enterprise  is  still  in  its  infancy 
insofar  as  processing  is  concerned.    A  few 
of  the  States,  for  instance,  Arkansas,   Texas, 
and  Tennessee,  are  canning  and  freezing  a 
considerable  amount  of  southern  peas,  but 
we  have  never  completely  supplied  the 
market  with  this  product. 

Irish  potatoes.    While  we  are  doing  a 
fair  job  of  supplying  the  market  with  fresh 
potatoes,  this  area  is  not  meeting  the  demand 
for  potatoes  for  chipping,  flaking,  and  freez- 
ing.   Here  again,  every   State  that  grows 
Irish  potatoes  is  now  growing  some  of  the 
varieties  developed  by  the  Louisiana  station, 
namely.  Red  LaSoda,  LaRouge  and  LaChipper. 
We  hope  to  meet  some  of  this  demand  with 
the  LaChipper. 

Onions.    At  the  present  time  the  White 
Creole  is  the  best  variety  available  for  keep- 
ing quality,  and  it  has  a  solids  content  of 
around  15  percent  or  better,  which  makes 
it  one  of  the  very  best  varieties  for  process- 
ing as  flakes  or  powder.    However,  we  have 
left  it  to  Mexico  and  California  to  realize  its 
full  potential. 

Okra.    Louisiana,  Georgia,   Tennessee 
and  Arkansas  are  growing  a  considerable 
acreage  of  okra  for  canning  and  freezing  for 
the  various  soup  companies.    It  is  the  second 
crop  in  importance  for  processing  in  Louisi- 
ana.   Okra  is  an  excellent  food  crop  and  is 
one  of  the  better  products  for  freezing.    We 
might  consider  it  one  of  our  best  summer 
vegetables.    Again,  this  has  come  about  by 
the  introduction  of  better  varieties. 
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Broccoli.  At  the  present  time  broccoli 
is  one  of  the  leading  crops  to  be  utilized  for 
the  frozen  trade,  yet,  except  for  Texas,  we 
are  growing  a  very  limited  amount  of  broc- 
coli for  that  purpose.  Other  areas,  such  as 
California,  are  supplying  this  crop. 

The  processing  of  several  other  import- 
ant crops,  for  instance,  tomato,  spinach, 
collards,  mustard,  turnip  greens,   snapbeans, 
Lima  beans  and  beets,  could  be  greatly  ex- 
panded. 

Pepper.     For  some  time  Louisiana  has 
been  known  for  its  hot  pepper  condiment  in- 
dustry, and  we  are  doing  a  fair  job  for  the 
enterprise  by  furnishing  better  seed  stocks 
of  the  leading  varieties  of  Tabasco,  Sport 
and  Cayenne.    Workers  in  Georgia  have 
bred  better  varieties  of  pimiento,  and  that 
State  is  one  of  the  leading  pimiento  areas 
in  this  country.    Production  and  utilization 
of  these  could  be  greatly  expanded  over 
their  present  status,   since  we  are  import- 
ing a  considerable  quantity  of  these  prod- 
ucts. 

Cucumber.    Very  few  of  us  realize  the 
quantity  of  pickles  that  are  consumed  and  the 
importance  of  this  product.    Many  areas 
throughout  the  South  are  now  growing  cucum- 
bers for  making  pickles,  particularly  North 
Carolina,   Texas,  Arkansas  and  Louisiana. 
While  this  crop  is  not  so  remunerative,  it 
does  give  employment  to  a  good  many  people 
at  a  time  of  the  year  when  farm  income  is 
at  a  low  ebb. 

Fruit  Crops,     The  peach  is  one  of  the 
South' s  most  universal  fruits  and  leading 
States,   such  as  the  Carolinas  and  Georgia, 
could  expand  in  production  of  this  crop,  pro- 
vided quantities  of  these  could  be  canned  or 
made  into  other  processed  forms.     The  claim 
that  southern  peaches  do  not  produce  a  good 
canned  product  is  untrue.    I  believe  that  Dr. 
Woodruff  would  agree  with  me  that  many  fine 
products  can  be  made  from  the  peach. 


Fig.    We  have  so  much  confidence  in  the 
future  of  this  crop  that  we  have  one  of  only 
two  active  breeding  projects  in  the  United 
States.     The  other,  in  California,  aims  at  a 
different  objective.    Our  objectives  are  early 
production,  cold  resistance,  a  very  tight  eye 
to  prevent  spoilage  and  processing  quality; 
while  California's  program  is  to  develop 
varieties  for  drying.     This  past  season  one 
of  our  processors  was  able  to  furnish  only 


a  small  fraction  of  a  half  million  dollar 
market  for  fig  preserves. 

Under  the  heading  of  small  fruits,  we 
have  strawberries,  blueberries  and  black- 
berries,  and  all  of  these  are  being  increased 
in  a  big  way  in  the  Lower  South.    We  might 
not  be  able  to  compete  too  much  with  the 
strawberry  area  of  the  northwest,  but  we  do 
have  a  season  following  our  fresh  market 
season  at  which  time  the  berries  could  be 
frozen  and  utilized  locally.     This  is  particu- 
larly true  of  Tennessee,  and,  to  some  extent, 
of  Louisiana,  North  Carolina  and  Florida. 
North  Carolina  and  other  Southern  States, 
such  as  Georgia,  are  producing  the  newer 
varieties  of  blueberry  which  have  been  de- 
veloped in  recent  years,  and  we  hope  to 
utilize  the  new  varieties  in  building  a  blue- 
berry industry  in  the  Hammond  area  of  this 
state  in  the  not  too  distant  future.     The 
Texas  blackberry  certainly  offers  a  big 
challenge  for  quick  freezing  and  for  making 
preserves. 

How  can  the  increase  in  processing  be 
brought  about  as  have  the  Florida  orange 
and  the  Louisiana  sweetpotato  industries? 
First,  we  must  have  a  group  of  energetic 


people  who  will  take  the  interest  and  pro- 
mote the  crop.    We  must  have  a  group  of 
plant  breeders  to  recognize  the  opportunity 
of  these  industries  and  breed  varieties  that 
are  suited  for  the  purpose  of  supplying  the 
fresh  market  as  well  as  the  processing  trade. 
We  must  have  a  group  of  bankers  and  others, 
including  agriculture  administrators,  who  be- 
lieve in  developing  these  crops.    It  was  only 
a  few  years  ago  at  a  similar  meeting  that  we 
discussed  the  possibility  of  producing  sweet 
potato  flakes.    Today,  it  is  a  reality  and  we 
have  two  plants  in  Louisiana,  two  in  North 
Carolina  and  others  being  considered  for 
Virginia  and  Mississippi. 

We  are  in  a  fast-growing  area.    Industry 
is  moving  south,  and  we  can  utilize  many  of 
these  products  in  our  own  area  rather  than 
having  to  ship  to  distant  markets. 


This  is  not  a  Chamber  of  Commerce 
speech.     It  is  a  subject  in  which  I  am 
very  interested,    and  I  know  that  any  one 
of  these  crops  could  be  developed  into  a 
thriving  enterprise  if  progressive  thought 
is  given  to  mechanization  and  processing. 
Give  us  men  with  vision. 


RADIATION  PRESERVATION  OF  FOODS 

by 

A.   F.  Novak,  Professor  and  Head 

Department  of  Food  Science  and  Technology 

Louisiana  State  University 

Baton  Rouge,  La. 


Low -dose  ionizing  energy  appears  to 
offer  considerable  potential  for  application 
in  the  preservation  of  foods.     This  process 
has  been  under  investigation  for  a  number  of 
years,  but  it  has  been  only  recently  that  con- 
centrated efforts  were  made  to  overcome 
some  of  the  problems  known  to  prevent  com- 
mercial application.    Radiation  should  be 
used  for  the  preservation  of  the  fresh, 
natural  qualities  of  perishable  foods  from 
harvesting  through  transportation  and  dis- 
tribution, or  as  an  adjunct  with  canning, 
freezing,  dehydration,  salting,  and  other 
preservative  practices  in  increasing  the 
shelf  life  of  many  foods.    It  can  be  employ- 
ed to  inhibit  insect  infestations,  control 
sprout  formation  in  tuberous  vegetables, 
sterilize  containers,  alter  the  nature  of 
yeasts,  molds  and  bacteria,  or  cause  their 
destruction,  inactivate  enzymes,  and  obtain 
certain  nutritional  changes. 


The  overall  irradiation  of  foods  program 
was  designed  to  solve  specific  problems  for 
each  class  of  foods,  and  many  factors  must 
be  considered.     These  include:  (1)  Experi- 
mental evidence  that  no  unacceptable  changes 
in  flavor,  odor,  appearance,  texture  or  nutri- 
tive properties  develop  at  the  necessary  dose 
level.    If  such  changes  occur,  methods  for 
their  prevention  or  masking  must  be  develop- 
ed.    (2)    The  cost  of  irradiating  per  unit  or 
package  must  be  reasonable.    (3)  Safe  facili- 
ties must  be  made  available  for  commercial 
application.     (4)  Sufficient  scientific  evidence 
must  be  accumulated  to  prove  the  safety  of 
the  process  in  order  to  obtain  FDA  approval. 
(5)  The  public  must  be  educated  in  the  ad- 
vantages involved,  and  that  the  process  re- 
sults in  safe  foods.    (6)  How  can  the  process 
be  employed  with  other  forms  of  preserva- 
tion now  in  use?    (7)  Where  in  the  production 
and  distribution  chain  would  the  radiation 
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process  best  fit?    (8)  What  type  of  process 
would  be  most  desirable;  central,  mobile, 
or  in  plant?    (9)  What  would  be  the  desired 
optimum  extension  of  storage  life,  and  what 
dose  is  required  to  obtain  this  extention? 
(10)  What  is  the  possibility  of  this  process 
expanding  or  developing  new  markets? 

This  is  only  part  of  the  story.    In  addi- 
tion to  solving  tjiese  problems,  the  mechan- 
isms involved  in  spoilage  prevention  must 
be  determined  for  each  food  under  consider- 
ation.   Problems  to  be  considered  are:  (1) 
Chemical  reactions  such  as  oxidation,  enzy- 
matic alterations,  denaturation,  fragmenta- 
tion, polymerization,  and  those  producing 
physical  changes  in  solubility  and  viscosity. 
(2)  The  presence  of  micro-organisms  and 
insects.    (3)  Damage  from  rough  handling 
or  being  packed  imder  ice  may  lead  to  rapid 
contamination,  or  undesirable  tissue  dam- 
age.   (4)  Storage  conditions  after  radiation 
must  be  proper.    (5)  Suitable  packaging  is 
necessary  to  prevent  foreign  odors  from 
being  absorbed,  mechanical  failure  in  the 
form  of  splitting  or  tearing,  coatings 
which  will  not  alter  the  product,  and  the 
permeability  must  be  considered. 

During  or  after  irradiation  the  food  must 
not  develop  a  characteristic  radiation  flavor 
and  it  must  not  lose  its  fresh  original  flavor. 

Microbiological  problems  must  be  re- 
cognized because  many  spores  resist  high 
radiation  doses.    In  low -dose  radiation 
treatment  Clostridium  botulinum  and 
Clostridium  perfringens  spores  survive 
and  produce  toxins  under  anaerobic  condi- 
tions.    Therefore,  sxirvival  of  these  organ- 
isms during  radiation  and  subsequent  storage 
must  be  investigated  thoroughly. 

The  Department  of  Food  Science  and 
Technology,  at  the  Louisiana  State  Univer- 
sity, has  been  awarded  a  number  of  grants 
during  the  past  four  years  to  make  a  com- 
prehensive investigation  of  preserving  guLf 
shellfish  by  gamma  radiation.    General  re- 
sults obtained  to  date  are  described  in  this 
paper. 

Low  dose  irradiation  of  shrimp  with 
cobalt  60  results  in  an  extension  of  their 
iced  storage  life  of  10  days  or  longer  than 
nonirradiated  shrimp  from  the  same  catch. 
Gamma  irradiated  ice-stored  raw  shrimp 
sheU  on  and  shelled,  were  superior  to  the 
nonirradiated  product  in  all  chemical  and 


bacteriological  tests  and  organoleptic  attri- 
butes used  to  evaluate  quality  and  acceptabil- 
ity.   A  dose  of  0.  15  to  0.  20  megarad  gave 
maximum  protection  without  any  undesirable 
chemical  or  physical  changes.     Some  shrimp 
tested  were  purchased  from  commercial 
boats,  and  the  results  suggest  that  large- 
scale  radiation  is  feasible,  even  when  the 
shrimp  are  held  iced  for  2-3  days  prior  to 
radiation. 

Organoleptic  trials  were  also  conducted 
at  Ft.  Lee,  Virginia  involving  238  service- 
men as  panelists.    The  shrimp  (400  lbs. ) 
were  purchased  from  a  commercial  seafood 
processing  plant  in  Berwick,  Louisiana. 
They  were  deheaded,  deveined,  shelled, 
packed,  frozen  and  shipped  to  our  labora- 
tories in  a  refrigerated  truck  within  two 
days  of  catching.     Two  hundred  povmds  of 
the  shrimp  were  irradiated  at  0.  2  Mrad. 
All  400  pounds  were  frozen  and  shipped  in 
boxes  containing  dry  ice  by  personal  auto  to 
insure  safe  and  rapid  arrival  at  Ft.  Lee. 

A  statistical  evaluation  of  the  results 
indicated  that  "average  ratings  obtained  for 
the  irradiated  shrimp  at  all  test  meals  were 
sufficiently  high  for  the  item  to  be  considered 
acceptable  as  a  component  of  standard  meals. 
On  the  basis  of  the  above,  it  is  apparent  that 
the  storage  Life  of  fresh  shrimp  can  be  ex- 
tended from  7  to  14  days  by  the  use  of 
pasteurization  doses  of  radiation  without 
adversely  affecting  the  relative  consumer 
preference  for  this  item.  " 

To  have  a  valid  comparison  when  treat- 
ing raw  and  cooked  shrimp  to  be  stored  at 
32° F.  and  36°to  40°F. ,  samples  for  all  trials 
were  processed  from  the  same  batch.    It  is 
difficult  to  compare  various  treatments  with 
different  batches  of  shrimp,  because  of  varia- 
tions in  fishing  areas,  weather  conditions, 
purity  of  wash  waters,  ice  and  containers, 
and  the  cleanliness  on  boats.     These  factors 
combine  to  cause  considerable  initial  differ- 
ences in  shrimp  for  each  experiment,  and  vm- 
less  all  treatments  are  from  the  same  catch, 
comparisons  are  difficult. 

From  these  experiments,  results  have 
been  verified  that  both  raw  and  cooked 
shrimp  stored  at  38°  to  40  °F,  after  radiation 
(0. 15-0.  20  Mrad. )  do  not  have  the  keeping 
qualities  comparable  to  those  radiated  and 
stored  in  ice.    Cooked,  radiated  shrimp 
lose  some  original  flavor,  but  retain  their 
other  attributes.    Some  shrimp  were  organ- 
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oleptically  acceptable  after  five  weeks  even 
when  the  chemical  results  suggested  com- 
plete spoilage. 

Canned  shrimp  have  been  radiated,  but 
the  flavor  and  texture  are  altered  unfavorably 
during  commercial  processing.     Procedures 
for  moisture  and  flavor  retention  in  canned 
shrimp  are  being  developed. 

"Black  spot"  was  virtually  eliminated  in 
most  radiated  samples.    Since  melanosis 
results  from  the  action  of  phenol  oxidases 
and  tyrosinase  in  shrimp,  it  can  be  assumed 
that  these  enzymes  are  inactivated  or  destroy- 
ed at  this  radiation  dose.    Effect  of  radiation 
on  these  enzymes  is  being  studied. 

RADIATION-RESISTANT  MICRO- 
ORGANISMS 

The  morphology  and  metabolism  of  radi- 
ation-resistant bacteria  isolated  from  shrimp 
were  studied  to  ascertain  if  radiation  (0. 1  to 
0.2  Mrad)  altered  their  characteristics. 
Radiation-induced  differences  were  observed 
in  optimum  incubation  temperature,  morph- 
ology, chromogenesis,  carbohydrate  utiliza- 
tion, and  action  on  litmus  milk.    Radiation 
lowered  the  optimum  temperature  of  several 
organisms  12°  to  15°C.    Since  shellfish  are 
usually  preserved  under  refrigeration,  growth 
of  these  organisms  at  lower  temperatures 
could  cause  a  problem,  and  is  being  investi- 
gated. 

Since  the  production  of  indole  has  been 
employed  as  an  index  of  spoilage,  it  was 
interesting  to  find  that  none  of  the  radiation- 
resistant  organisms  produced  this  compound. 
The  negative  indole  tests  correlated  with  or- 
ganoleptic acceptance  of  the  radiated  shrimp 
after  four  weeks  storage.    This  emphasizes 
the  role  of  radiation  in  eliminating  most  of 
the  micro-organisms  responsible  for  rapid 
decomposition. 

The  metabolism  in  radiation-resistant 
micro-organisms  can  be  altered  by  low-dose 
radiation.    In  processing  shrimp,  the  de- 
velopment of  chemical  and  physical  methods 
which  inhibit  these  changes  may  be  neces- 
sary if  they  are  found  to  increase  the  spoil- 
age rate.    In  conjvmction  with  radiation,  such 
processes  could  increase  the  storage  life. 


RADIATION  CHANGES  IN  FLAVOR 
COMPONENTS 

Volatile  fatty  acids  were  isolated  from 
samples  of  radiated  (0.  15  to  0,  20  Mrad)  and 
nonradiated  fresh  gulf  shrimp,  and  compared 
by  gas-liquid  chromatography.    Acids  found 
included  formic,  acetic,  propionic,  butyric, 
valeric,  caproic,  myristic,  palmitic,   stearic, 
arachidic,  N-behenic,  and  isobehenic.    Re- 
sults showed  that  both  samples  contained  the 
same  acid  fractions  Ci-Cs  and  C14-C22  and 
their  isomers,  and  were  present  in  almost 
exact  qualitative  and  quantitative  relation- 
ships with  the  exception  of  C20  and  C22- 
The  concentration  of  C20  was  lower,  and 
that  of  C22  was  higher  in  the  radiated 
samples. 

Carbonyl  compounds  were  present  in 
both  the  radiated  and  nonradiated  samples, 
and  included  acetaldehyde,  propionaldehyde, 
isobutyraldehyde,  N-butyraldehyde,  2- 
methyl-1-pentaldehyde,  2,  4-pentadiienal, 
2,  4-pentadiene,  2-hexanal,  2-octanal,  citro- 
nellal,  and  acetone.    Acetone  was  present 
only  in  the  nonirradiated  samples.     There 
were  no  other  qualitative  differences.    Slight 
quantitative  changes  were  produced  by  radi- 
ation, 

Amino  compounds  identified  were  tri- 
methylamine,  ammonia,  methylamine,  di- 
methylamine,  ethylamine,  propylamine,  and 
butylamine.    Changes  in  the  radiated  samples 
were  a  reduction  of  trimethylamine  and 
ammonia,  and  an  increase  in  the  methyla- 
mine content. 

RADIATION  INDUCED  CHANGES  IN  THE 

KINETICS  OF  SHRIMP  ENZYMES 

INVOLVED  IN  SPOILAGE 

The  effects  of  low-dose  gamma  irradia- 
tion with  cobalt  60  on  the  iced  storage  life  ex- 
tension of  fresh  shrimp  were  investigated.  It 
was  found  that  doses  of  0,  15  to  0,  2  Mrad  ad- 
ministered to  brown  shrimp  (Peneaus  aztecus) 
prior  to  storage  in  crushed  ice,  significantly 
reduced  the  degree  and  amovmt  of  melanosis, 
and  resulted  in  a  retention  of  the  desirable 
organoleptic  attributes  of  the  product. 

Studies  conducted  on  irradiated  solutions 
of  phenolase  showed  that  the  enzyme  was 
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inactivated.     The  radiation-induced  changes 
were  found  to  be  different  from  those  re- 
ported to  occur  upon  denaturation  of  pro- 
teins.   Infrared  absorption  spectra  revealed 
that  deamination  had  occurred.    Acid  and 
base  binding  groups  were  reduced  in  number 
rather  than  increased,  and  the  optical  rota- 
tion became  more  dextrorotatory  rather  than 
levorotatory.    It  was  further  shown  that  the 
copper  of  the  enzyme  was  not  oxidized  by  a 
dose  of  0.  2  Mrad. 

The  presence  of  oxygen  was  shown  to  en- 
hance inactivation  of  the  enzyme,  while  the 
presence  of  ovalbumin  in  the  phenolase  solu- 
tion protected  the  activity.     This  was  accept- 
ed as  evidence  that  indirect  action  of  the 
radiation  was  responsible  for  the  inactivation 
of  phenolase,  since  the  presence  of  dissolved 
oxygen  or  protein  would  have  no  effect  on 
direct  collisions  of  the  gamma  rays  and  the 
enzyme  molecules. 

The  liberation  of  sulfhydryl  groups  was 
not  detected  after  irradiation  of  0.  5  percent 
ovalbumin  solutions.     Since  it  was  shown 
that  the  presence  of  inert  protein  protected, 
rather  than  inactivated  phenolase,  it  was 
concluded  that  thiol  groups,  produced  by 
disruption  of  disulfide  bonds  in  the  protein, 
had  no  significant  role  in  phenolase  inactiva- 
tion. 


simultaneously  preserve  the  enzyme  activity, 
thus  accelerating  further  melanogenesis. 

It  was  ultimately  concluded  that  low-dose 
gamma  irradiation  of  fresh  shrimp  reduced 
melanosis  and  resulted  in  a  significant  ex- 
tension of  their  iced-storage  life.    However, 
if  shrimp  were  held  beyond  the  onset  of 
melanogenesis,  subsequent  low-dose  irradi- 
ation accelerated  blackspot  formation,  which 
reduced  consumer  appeal,  and  therefore  was 
definitely  undesirable. 

USE  OF  LIQUID  NITROGEN  FOR  SHRIMP 

In  exploring  all  opportunities  and  possi- 
bilities to  insure  commercially  fresh  shrimp 
for  irradiation,  studies  have  been  conducted 
on  the  use  of  liquid  nitrogen  in  tanks.     These 
tanks,  containing  wire  baskets  could  be 
placed  aboard  commercial  trawlers,  and 
since  they  could  eliminate  most  or  all  of  the 
ice  requirements,  the  ships  would  be  in  a 
better  position  to  carry  small  irradiators, 
or  else  maintain  a  better  product  until  they 
could  be  irradiated  in  certain  areas  around 
the  coast. 

Preliminary  tests  have  shown  the  shrimp 
stored  in  liquid  nitrogen  to  be  superior  to  ice- 
stored  controls  from  the  same  catches  on  the 
same  boat. 


Irradiation  of  the  substrate,  3,  4-dihy- 
droxyphenylalanine,  accelerated  the  reac- 
tion.    Therefore  the  alteration  of  substrate 
by  irradiation  was  not  found  to  be  responsible 
for  the  decrease  in  melanosis  observed  in 
fresh  shrimp. 

Reports  indicated  that  the  phenolase  re- 
sponsible for  melanogenesis  of  shrimp  was 
located  in  the  shell  and  concentrated  pri- 
marily at  the  joints  between  segments.    It 
was  concluded  that  water  and  oxygen  may 
diffuse  through  these  joints,  and  it  was 
their  radiolysis  products  which  were  re- 
sponsible for  the  inactivation  of  phenolase 
and  subsequent  reduction  of  melanosis. 

Irradiation  of  commercial  shrimp  in 
which  melanogenesis  has  begun  accelerated 
the  reaction.    It  was  postulated  that  the 
quinone-like  end  products  of  the  reaction 
sequence  acted  as  competitive  inhibitors  for 
the  reaction,  and  also  functioned  as  radia- 
tion protectors  for  the  enzyme.     Subsequent 
irradiation  would  destroy  the  capacity  of  the 
end  products  to  inhibit  the  reaction  and 


RADIATION  PASTEURIZATION  OF  OYSTERS 

Many  problems  have  plagued  the  oyster 
packers  during  the  past  five  years.    One  of 
the  most  severe  has  been  from  the  rejection 
by  State  health  departments  of  oysters  held 
in  transit  for  extra  days  while  being  shipped 
from  one  growing  and  packing  area  to  another 
and  then  being  repacked  before  final  ship- 
ment to  the  ultimate  distributor  and  con- 
sumer. 

Although  the  excessive  bacterial  counts 
might  not  have  posed  an  actual  health  hazard, 
they  were  above  the  coimts  allowed  in  the 
standards.     Most  rejected  samples  could 
have  been  retained  as  acceptable  if  some 
simple  method  would  have  been  available  to 
reduce  the  original  bacterial  counts  in  the 
oysters  to  afford  them  a  few  days  of  exten- 
sion of  quality  which  would  be  required  for 
such  operations. 

Based  upon  extensive  investigations  on 
gamma  radiation  of  fresh  gulf  oysters,  it 
appears  that  such  treatment  of  oysters  can 
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provide  advantages  for  the  fisherman,  pro- 
cessor, distributor  and  consumer.    If  such 
a  method  of  processing  were  developed  to 
successful  commercial  application,  fresh 
oysters  could  be  made  available  to  consum- 
ers who  presently  are  able  to  obtain  only  the 
canned  or  frozen  product.    Market  prices  of 
oysters,  presently  subject  to  fluctuations  due 
to  overabundances  or  scarcity,  would  tend  to 
be  stabilized. 

Experiments  on  low -dose  gamma  radia- 
tion of  oysters  have  been  highly  successful. 
The  iced  storage  Life  extension  of  the  oysters 
was  sufficient  to  permit  the  additional  handling 
time  required  by  the  packers  to  distribute  the 
oysters  to  inland  cities  in  an  acceptable  con- 
dition (meets  bacteriological  allowances  for 
shellfish).    Various  city  and  State  health  de- 
partments have  diverse  opinions  on  what  to 
reject.    No  laboratory  has  established  any 
significant  meaning  for  the  limitations  pre- 
sently placed  on  the  bacterial  populations. 
Note  that  with  oysters,  an  unacceptable  prod- 
uct (bacteriologically)  may  become  accept- 
able after  irradiation,  providing  the  initial 
organoleptic  rating  was  good. 

DISCUSSION 


Question:    Dr.  Novalc,  what  were  you  irradi- 
ating  this  material  with,  what  rays? 

A.   F.  Novak:    We  were  using  a  cobalt  60 
irradiator,   10,  000  curie,  located  at  the 
Nuclear  Science  Center,  Louisiana  State 
University.     The  advantage  of  using  gamma 
irradiation  is  that  you  have  a  high  penetrat- 
ing value.    As  you  know,  gamma  rays  will 
penetrate  stainless  steel  several  inches 
thick,  so  there  is  no  problem  whatsoever 
in  penetrating  packages  of  the  product. 
Commercially,  we  would  like  to  have  a 
belt  conveyor  on  which  we  would  place  the 
produce  and  have  it  pass  between  the  sources 
of  radiation.     The  speed  with  which  it  passed 
through  would  determine  the  irradiation  dose. 

Question:    I  didn't  quite  understand  that 
picture  where  you  showed  the  irradiated 
against  the  nonirradiated  shrimp.    How  were 
they  kept  in  the  interim? 

A.   F.  Novak:    Iced  storage.    I  pointed  out 
that  all  of  these  samples  have  been  in  iced 
storage  only.     The  time  we  kept  the  shrimp 
at  lower  temperatures  was  when  we  were 
attempting  to  develop  a  better  procedure  for 
handling  the  shrimp,  from  the  time  they 


were  taken  out  of  the  water  until  they  were 
irradiated. 

We  have  argued  for  a  long  time  that  the 
problem  of  distributing  so  much  deteriorated 
shellfish  is  due  to  the  fact  that  the  fishermen 
do  not  employ  proper  procedures  to  preserve 
the  product  from  the  time  they  catch  them, 
until  they  sell  them  to  the  packing  companies, 
or  if  the  packing  companies  own  their  own 
boats,  until  they  pack  the  products  them- 
selves. 

Question:    Were  those  shrimp  in  contact 
with  the  ice  or  were  they  in  a  package? 

A.   F.  Novak:    The  shrimp  were  in  Mylar 
packages;  although  I  can  tell  you  from  exper- 
ience, you  would  have  had  similar  results 
had  those  shrimp  been  in  contact  with  the 
ice- -providing  the  ice  had  been  clean.   The 
problem  is  that  as  the  ice  is  dripping  down, 
the  moisture,  although  being  very  beneficial, 
still  contains  microorganisms,  and  there- 
fore is  recontaminating  the  shrimp.    In  order 
to  have  uniform  samples,  we  had  to  place 
both  the  control  and  irradiated  products  in 
packages,  because  we  didn't  want  our  irradi- 
ated products  to  become  recontaminated 
after  being  irradiated. 

Question:    Is  the  dosage  required  for  non- 
Tormation- -anti -formation- -much  different 
from  the  bacterial  dose? 

A.   F.  Novak:    It  all  depends  upon  the  organ- 
Ism!    We  found  we  prevented  black  spot  for- 
mation with  approximately  0.  15  to  0.  3  Mrad. 
This  gives  the  best  results  for  the  prevention 
of  melanosis.     The  dose  for  inhibition  of 
microorganisms  might  be  very  low,  but  the 
spores  could  cause  a  problem.    A  dose  of 
4,  500,  000  rad  is  required  to  destroy  spores 
of  C.  botulinum. 

There  has  never  been  a  case  of  botulism 
from  shellfish  in  the  gulf  area.    We  are 
making  every  effort  to  isolate  Type  E  toxin, 
and  have  one  professor;  Dr.   Grodner  who 
has  a  full-time  grant  trying  to  isolate  the 
toxin  from  shellfish,  and  from  mud  and 
water  in  growing  areas. 

Question:     The  order  of  time  on  extended 
ice  storage  of  the  pasteurized  product  (ir- 
radiated, pasteurized  product),  looked  to 
me  about  the  same  as  the  order  of  exten- 
sion that  is  gotten  with  chlorotetracycline, 
I  think  this  was  approved  as  an  adjunct. 
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Would  you  comment  then  on  the  position  of 
these  two  methods? 

A.   F.  Novak:    When  I  mentioned  use  with 
other  processes,  I  could  have  added  the  use 
of  washes  and  dips.     Personally,  I  object  to 
the  use  of  antibiotic  dips,  because  organisms 
build  up  resistance;  and  it  is  my  personal 
opinion  that  most  antibiotics  have  better 
medical  applications  than  they  do  for  food 
preservation. 

Question:   You  have  shown  that  doses  of 
150,  000  or  300,  000  rad  that  you  mentioned 
are  quite  beneficial  for  pasteurizing.  What 
biochemical  changes  did  these  pasteurizing 
doses  produce? 

A.  F.  Novak:    Practically  none. 

Question:    Such  as? 


Novak:    All  of  the  information  it  tabu- 


A.   F 

lated.     You  will  find  it  in  the  report  which  is 

being  submitted. 

Question:    Because  many  food  products 
demonstrate  changes  at  this  dosage. 

A.   F.  Novak:    Yes,  this  is  a  long  story.   Let 
me  just  give  you  a  few  examples.    We  found 
some  changes  in  the  methylamines.     There 
were  some  in  the  di methylamines  and  some 
in  the  carbonyls  and  fatty  acids.     They  were 
slight  changes. 

Question:     You  pointed  out  the  difficulty  in 
flavor  evaluation.    I  was  just  wondering  how 
you  could  compare  the  flavor  change  with 
the  quality  change  in  the  frozen  shrimp, 
whether  this  was  primarily  a  textural  change 
due  to  the  denaturing  of  the  aureomycin  as 
contrasted  to  the  quality  flavor  changes  on 
storage  --  say  the  refrigerator  or  even  the 
irradiation? 

A.   F.  Novak:    This  is  a  public  acceptance 
test  --  preference  of  the  public.     They  will 
purchase  what  they  prefer  as  long  as  the 
price  is  right  and  the  product  is  available. 

Question:    I  realize  that;  but  how  are  we  to 
attack  the  quality  problem,  if  the  deteriora- 
tion of  the  quality  in  the  frozen  shrimp  is  not 
due  to  chemical  change,  but  a  textural 
change? 

A.   F.  Novak:    Who  said  it  was? 


Question:     That  was  my  question. 

A.   F.  Novak:    There  are  some  chemical 
changes.    We  had  not  explored  this  because 
of  the  time-consuming  element.    We  are 
obligated  to  the  USAEC  to  study  the  non- 
frozen  product.    I  am  sure  there  are  other 
changes. 

There  are  many  factors  which  I  prob- 
ably should  have  pointed  out.    Indole,  for 
example,  is  used  as  an  index  of  decomposi- 
tion of  shrimp.    Many  oysters  taken  from 
the  gulf  areas  cannot  meet  the  bacteriologic- 
al standards  either  for  coliforms  or  for 
total  bacterial  count.    Now,  as  far  as  I  am 
concerned,  and  I  am  sure  others  would 
agree,  these  oysters  do  not  constitute  any 
health  hazards.    It  just  happens  that  the 
standards  set  up  by  the  ShelKish  Sanita- 
tion Committee  are  based  upon  general 
averages  in  various  oyster -growing  areas. 

Yet  here  we  have  an  oyster  which 
couldn't  be  accepted  by  the  Health  Depart- 
ments in  Indianapolis,   Chicago  or  Louisville 
prior  to  irradiation.    After  irradiation  of 
the  product,  if  it  was  then  carried  into  those 
cities,  the  total  count  would  be  within  the 
acceptable  limits.     The  coliform  count 
would  be  within  the  limits,  and  the  total 
bacterial  count  would  be  satisfactory.  Here 
now  you  have  a  completely  unique  situation. 
If  this  situation  alone  was  used  as  a  criterion 
to  determine  whether  or  not  radiation  was 
beneficial,  as  far  as  oyster  preservation  is 
concerned,  it  would  mean  the  difference  be- 
tween having  a  nonacceptable  product  which 
you  would  have  to  discard,  and  having  an 
acceptable  product  which  you  could  market. 

I'd  like  to  go  back  just  a  minute  to  your 
question  on  aureomycin.    We  have  performed 
considerable  research  on  aureomycin  through 
the  years,  and  have  found  quite  a  number  of 
advantages  with  aureomycin.     There  are  dis- 
advantages when  the  organisms  developed 
some  resistance,  but  every  process  you  em- 
ploy appears  to  have  some  disadvantages. 
I  would  like  to  recommend  the  use  of  more 
physical  methods  in  foods.    I  will  put  it  this 
way.    I  do  not  like  to  see  an  additive  em- 
ployed unless  the  additive  is  definietly  re- 
quired and  serves  a  lasting  purpose.  Natur- 
ally, when  you  ask  a  question  like  that,  I 
am  sure  you  realize  that  someone  must  base 
an  answer  on  many,  many  factors,  and  to  ex- 
plain all  of  these  opinions  would  requir  e  an  ex- 
tended discussion. 
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Question:  Is  this  portable  unit  considered  as 
a  prototype  to  a  commercial  unit  that  may  be 
used  on  fishing  vessels? 

A.   F.  Novak:    It  is  supposed  to  be -- there 
.are  two  problems  involved.  We  were  hoping 
they  could  reduce  the  weight  to  12  tons;  the 
present  one  is  approximately  16  tons.  But  I 
would  have  to  answer  yes,  that  it  is  a  proto- 


type, and  we  are  going  to  make  both  on  ship- 
board irradiation  and  land  studies  with  it. 
It  will  be  large  enough  to  handle  small-scale 
commercial  production. 


Many  problems  are  involved  --  much  red 
tape  for  getting  approval  from  all  of  the  State 
and  Federal  agencies. 


HYDROSTATIC  COOKERS 

by 

V,  O,  Wodicka 

Hunt-Wesson  Foods 

Division  of  Hunt  Foods  &  Industries,  Inc. 

Fullerton,  Calif. 


Dr.  Hawkins,  ladies  and  gentlemen,  in 
order  to  set  some  sort  of  perspective  for 
hydrostatic  cookers,  I  am  going  to  have  to 
cover  some  collateral  ways  of  doing  the  same 
sort  of  thing. 

Since  the  invention  of  canning  by  Nicholas 
Appert  something  over  150  years  ago,  there 
have  not  been  too  many  major  changes  in  the 
art  he  developed.     Three  that  might  be 
singled  out  are  the  invention  of  the  tin  can, 
the  explanation  of  what  he  had  accomplished 
when  Pasteur  came  along  with  his  ideas  on 
microbes,  and  the  courage  to  achieve  the 
250°  temperatures  that  Dr.  Martin  mentioned 
by  pressure  cooking. 

When  you  realize  that  the  achievement  of 
this  kind  of  temperature  by  processing  in  an 
enclosed  vessel  implies  the  generation  of  15 
pounds  per  square  inch  gauge  pressure  on 
vessels  of  rather  considerable  area,  you  can 
also  realize  that  some  50  years  ago  when 
these  ideas  were  first  contemplated  with 
relatively  primitive  metal-working  practices, 
it  did  take  a  certain  amount  of  courage  to  do 
this  sort  of  thing  in  the  kind  of  crossroads 
endeavor  that  canning  was  at  that  time.    If 
we  then  look  at  the  pressure  process  that  is 
a  necessary  approach  to  the  preservation  of 
non-acid  foods  and  look  at  the  ways  in  which 
this  has  conventionally  been  achieved  in 
vegetable  processing,  we  see  that,  particu- 
larly in  the  Midwest  and  the  East,  this  has 
been  done  in  a  batch  retort  operation  (a  re- 
trot  being  the  canner's  own  particular  jargon 
for  his  pressure  vessel),  usually  in  vertical 
form.     This  is  a  sort  of  a  heavy  cast  kettle 
with  a  lid  dogged  down  to  hold  the  pressure. 
Typically,  these  are  arranged  in  a  circle 


with  a  crane  in  the  center.    If  we  trace  the 
flow  of  the  cans  as  they  come  off  the  filler, 
the  cans  are  deposited  in  a  metal  open-work 
cylindrical  basket  with  a  heavy  bail.    In  the 
early  days,  a  man  stood  there  with  a  board 
as  the  cans  were  spewed  off  the  end  of  the 
line  and  directed  the  cans  so  that  they  were 
jumble  packed  in  the  crate  (so-called  bang- 
board),  so  that  there  was  a  lot  of  air  space 
around  the  cans  for  circulation  of  steam  in 
the  process.    More  recently,  it  has  been 
customary  and  our  preference,  in  order  to 
have  nice  symmetrical  cans  without  dents 
and  creases  all  over  them,  to  put  layers 
and  separators  in  between  the  layers  of 
cans  and  to  stack  them  all  neatly  and  vertic- 
ally in  the  basket.     The  basket  is  then  con- 
veyed, usually  on  a  monorail  system,  to 
the  retort  circle  that  I  mentioned,  where  the 
crane  operator  puts  typically  2  or  3  baskets 
in  each  retort.     The  retort  is  then  closed 
and  steam  pressiire  applied.    You  allow 
venting  time  for  the  air  to  be  replaced  by 
steam.     There  is  a  timed  process.     Typic- 
ally, there  is  water  cooling  to  some  extent 
in  the  retort  to  relieve  the  pressure  that 
would  otherwise  buckle  the  cans.     Then  the 
retort  is  opened;  the  crane  carries  the 
baskets  around  to  another  point  at  which 
another  monorail  takes  the  baskets  down 
to  another  place  to  finish  the  cooling.    If 
you  stop  to  analyze  this  process,  you  will 
realize  there  is  a  considerable  amount  of 
labor  going  into  it  to  transfer  these  baskets, 
to  operate  the  crane,  and  to  close  the  retort. 
When  the  retort  is  started  through  the  pro- 
cess, there  is  either  a  considerable  amoimt 
of  instrumentation  that  is  required  to  auto- 
matically keep  track  of  it  for  safety,  or  else 
you  have  to  rely  on  a  skilled  operator  who 
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will  usually  not  be  confined  to  an  8 -hour  day 
during  the  processing  season.     The  strain 
can  be  quite  severe  on  his  keeping  track  of 
this,  which  is  the  key  to  the  safety  of  the 
whole  operation. 

Typically,  in  meat  canning  and  in  the 
Western  practice,  a  similar  arrangement 
is  used  in  which  the  retort  is  horizontal 
rather  than  vertical;  and  instead  of  being 
deposited  by  crane,  the  baskets  are  picked 
up  by  fork  lift  from  the  loading  point,  con- 
veyed onto  a  track,  and  pushed  through  the 
retort  on  wheels.    Preferably  the  retort 
has  doors  front  and  back,  so  that  you  don't 
get  confused  on  what  has  been  processed, 
although  a  one -door  retort  is  not  unknown. 
Here  again  there  is  a  considerable  amount 
of  labor,  even  with  materials  handling 
equipment  in  getting  the  carts,  which  are 
typically  rectangular  or  square  rather  than 
cylindrical  in  this  case,  from  the  loading 
point  to  the  retort.     The  retorts  can  be  con- 
siderably larger  by  being  made  horizontal, 
which  means  that  the  investment  on  control 
equipment  is  less.    In  other  words,  you 
have  fewer  retorts  for  a  given  volume  of 
pack,  but  this  still  gets  to  be  a  substantial 
investment  in  control  equipment  and  main- 
tenance problem. 

The  next  step  in  the  development  of 
pressure  processing  was  the  Anderson- 
Barngrover  cooker,  in  which  the  horizontal 
cylinder  I  have  just  described  is  still  used, 
but  in  this  case  the  ends  are  closed.     The 
cans  are  conveyed  in  on  a  track.    They  are 
locked  into  the  chamber  through  a  star 
valve.     They  are  deposited  in  a  spiral  track 
that  goes  around  the  internal  periphery  of 
the  cylinder  and  are  conveyed  through  this 
spiral  track  by  a  series  of  radial  blades 
that  extend  between  the  cans  and  rotate, 
governing,  therefore,  the  speed  with  which 
the  cans  are  carried  through.    Obviously, 
the  cans  can  be  conveyed  from  the  filler  to 
the  retort  by  continuous  conveyors,  and  this 
required  considerably  less  manpower.   There 
is  only  one  instrument  controlling  the  whole 
operation.    Once  set,  the  processing  time 
and  temperature  are  easily  automatically 
controlled.     Therefore,  this  system  has 
many  virtues  over  the  traditional  batch  re- 
tort operation.     There  are  a  few  difficulties. 
One  of  them  is  that  the  spacing  of  the  radial 
blades  and  of  the  spiral  tracks  in  the  retort 
is  pretty  well  tied  to  the  can  size;  and  if  you 
happen  to  be  packing  several  can  sizes,  this 
entails  quite  a  changover  operation  between 


sizes.     The  next  thing  is  that  this  star  valve 
locking  the  cans  into  and  out  of  the  retort  is 
subject  to  the  typical  ills  of  any  mechanical 
operation  and  can  jam  and  damage  the  cans. 
If  you  do  get  a  jam  and  get  the  cooker  stopped, 
you  have  a  pretty  good  load  of  cans  in  there 
that  will  get  overprocessed;  so  you  can  get 
into  some  complications  of  what  seems  like 
a  pretty  simple  and  straightforward  operation. 

The  ingenious  thought  occurred  to  vari- 
ous people  that  there  would  be  a  much 
simpler  mechanical  way  of  getting  cans  into 
and  out  of  the  pressure  chamber,  and  that  is 
to  carry  the  cans  through  essentially  a  baro- 
metric leg  of  water.     This  gave  rise  to  the 
hydrostatic  cooker.    We  have  two  such  units-- 
the  Mitchell  Hydron--in  our  David  plant. 
There  are  other  manufacturers.    I  shall  dis- 
cuss them  briefly  later  to  show  some  of  the 
differences,  but  I  will  indicate  the  Hydron 
as  a  typical  hydrostatic  cooker,  and  give 
you  some  idea  of  how  it  functions  and  what 
some  of  its  special  properties  are. 

Figure  1  shows  an  overall  view  of  the 
hydrostatic  unit.     There  is  considerably 
less  floor  space  occupied  by  such  a  unit  than 
by  either  the  Anderson-Barngrover  continu- 
ous cooker  or  certainly  by  a  series  of  batch 
retorts.    On  the  other  hand,  it  takes  con- 
siderable head  room,  which  does  not  neces- 
sarily have  to  be  under  roof,  however.  Many 
of  these  units,  particularly  in  Europe,  are 
installed  outside.     This  gives  you  an  idea  of 
the  general  shape  and  contour. 

We  will  see  what  it  looks  like  inside 
(figure  2).     The  cans  are  conveyed  through 
the  unit  by  a  chain  system.     The  point  of 
loading  and  unloading  is  on  the  left,  as  you 
can  see.    As  the  chain  comes  up  the  mesh 
opens  out,  the  processed  cans  drop  out, 
and  while  the  chain  is  still  open,  a  new  load 
of  cans  comes  in  on  the  one  side  of  the  chain. 
Then  it  is  flexed  the  other  way,  and  a  similar 
operation  is  carried  through  unloading  and 
loading  on  the  other  side  of  the  chain.     The 
chain  then  loaded  goes  up  to  the  top  of  the 
up  leg.    If  desired,  there  can  be  a  preheat- 
ing phase  where  steam  is  introduced  to  bring 
the  can  temperature  up.     Then  the  cans  pass 
down  through  a  water  leg.     There  is,   sur- 
prisingly enough,  an  upward  water  gradient 
with  the  cool  water  increasing  in  tempera- 
ture as  it  goes  down.     This  heat  balance  is 
maintained  in  part  by  crossflow  between  the 
legs  with  external  connections  that  aren't 
shown  on  this  diagram.    As  the  can  passes 
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Figure  1.— Overall  view  of  hydrostatic  unit. 
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Figure  2.— Inside  view  of  hydrostatic  unit. 
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down  the  water  leg,  the  pressure  obviously 
builds  up  and  at  the  same  time  the  tempera- 
ture is  building  up,  as  you  get  a  gradual 
heating  effect.    Then  the  cans  pass  into  the 
steam  chamber.     There  are  several  flights 
of  chain  going  through  the  steam  chamber 
for  the  longer  processes.    Finally,  we  go 
out  through  another  water  leg  which  cools 
the  cans  down.     The  high  temperature  is  at 
the  low  end  and  the  low  temperature  at  the 
high  end,  so  you  get  a  gradual  cool  to  the 
point  where  the  cans  are  down  to  atmos- 
pheric pressure.     Then  they  go  down  through 
a  vertical  leg  with  spray  cooling.     The  spray 
in  the  upper  part  is  water  from  the  pit.    As 
it  gets  down  to  the  lower  part  of  this  spray 
leg,  fresh  water  is  brought  in.    That  is 
where  makeup  water  is  introduced.     Then 
the  cooling  is  completed  by  being  passed 
through  a  pit  and  back  here  to  the  discharge 
point.     The  loading  of  the  chain,  by  the  way, 
is  in  long  rows.     The  cans  go  in  horizontally 
and  are  pushed  into  a  loading  rack  and  then 
dropped  into  the  chain  aperture. 


kind.     This  is  the  initial  temperature  of  the 
product  being  filled  in  at  the  container.     The 
temperature  obviously  goes  up  as  the  can 
goes  down  through  the  water  leg  to  this 
point,  at  the  turnaround  down  at  the  bottom 
of  the  water  leg  where  they  go  into  the  steam 
chamber.     There  is  still  some  increase  in 
temperature  in  the  steam  chamber.     Then  it 
holds  level  in  the  steam  chamber;  then  as  you 
go  into  the  cooling  leg,  it  obviously  starts  to 
drop.     There  are  a  couple  of  breaks  in  the 
curve  as  you  go  through  various  air  sections, 
where  you  transfer  the  can  from  one  section 
to  another  and  finally  come  out  cooled. 

The  temperature  of  the  process  can  be 
fairly  simply  regulated  by  changing  the 
height  of  water  in  the  column  and  changing 
some  of  the  controls;  and  the  gauge  pres- 
sure corresponding  to  various  process 
temperatures  is  shown  along  with  the  head 
of  water  in  the  intake  and  outlet  legs  neces- 
sary to  counterbalance  the  pressure  in  the 
steam  chamber  (figure  4). 


Figure  3  shows  a  typical  temperature 
profile  of  a  can  passing  through  a  vmit  of  this 


Figure  5  is  a  plot  showing  the  through- 
put as  a  function  of  temperature  or  vice 
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Figure  3.— Temperature  profile 
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Figure  4.  --Temperature  process 


as  cans,  because  of  their  gentle  handling. 
There  is  a  Carvallo  Company  that  is  also  a 
European  firm  which  makes  similar  equip- 
ment. 

Mitchell,  whose  equipment  we  have,  in 
England,  and  FMC,  in  this  country,  are  now 
making  units  of  this  type.    Stork  has  an 
American  agent,  and  CarvaUo  also  has  an 
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Figure  5.— Plot  showing  throughput  function 

versa,  with  the  cooking  time  in  minutes 
shown  on  the  abscissa,  the  cans  per  minute 
throughput  rate  as  ordinate.    Here  is  a  func- 
tion showing  chain  speed,  and  here  are  a 
couple  of  typical  relationships  for  a  number 
1  tall  can  or  a  number  2-1/2  at  two  different 
temperatures. 

As  you  can  see,  the  principle  of  this 
operation  is  fairly  simple.    There  is  an  in- 
creasing number  of  installations  both  in  this 
country  and  abroad.    As  far  as  I  am  told,  the 
first  company  to  bring  out  a  commercial  de- 
vice of  this  sort  was  Stork  in  Holland.     They 
have  a  number  of  installations  in  Europe, 
most  particularly  in  milk  processing.     You 
can  handle  glass  in  any  of  these  units  as  well 


American  representative.     Therefore,  they 
are  rather  freely  available  in  this  country. 
As  I  say,   FMC  has  at  least  one  installation 
in,  and  Stork  has  three  or  four  in  now  and 
about  five  more  on  order.     So  far  as  I  know, 
I  think  we  have  the  only  two  Mitchells.  Now, 
there  are  some  differences  in  detail  in 
these  units.     Stork  is  the  only  one  that  gives 
the  option  of  an  agitating  cook.    In  the 
Anderson-Barngrover  continuous  cooker 
that  I  mentioned,  the  predecessor  develop- 
ment to  the  hydrostatic  cooker,  the  motion 
of  the  cans  around  the  periphery  of  the 
cylinder  is  a  rotary  one.     Therefore,  there 
is  agitation  of  the  contents  of  the  can,  there- 
by shortening  the  process  time  for  many 
items.    Except  for  the  special  Stork  units 
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that  provide  positive  agitation,  the  hydro- 
static cookers  do  not  typically  provide  in- 
ternal agitation  for  the  cans.    So  it  is  a 
still  cook  in  this  respect. 

FMC  makes  a  special  virtue  of  the  fact 
that  whereas  the  Mitchell  unit  that  I  have 
shown  has  only  one  chain,   FMC  has  two  that 
can  operate  at  different  speeds.    You  can, 
in  the  unit  that  I  have  shown,  operate  with 
two  different  can  sizes  at  the  same  time, 
putting  different  sizes  on  different  sides  of 
the  chain.    However,  you  are  tied  to  the  fact 
that  you  have  only  one  process  time  for  one 
chain  speed  as  indicated  on  that  last  chart; 
whereas  with  two  chains,  you  have  the  oppor- 
tunity for  running  can  sizes  with  different 
process  requirements  simultaneously,  if 
this  is  a  problem. 

Obviously  these  units  with  different 
features  are  available  also  at  different  prices, 
so  when  it  comes  down  to  a  question  of  what 
is  your  best  choice  of  unit  for  your  particu- 
lar job,  you  would  have  to  take  all  these  par- 
ticular considerations  into  account  in  making 
your  choice--just  like  buying  an  automobile. 
I  think  the  principles  of  this  operation  are 
sufficiently  simple  as  to  need  no  elaboration. 
Perhaps  if  there  are  any  points  that  need  to 
be  brought  out,  they  can  be  brought  out  better 
by  questions  than  by  further  systematic  pre- 
sentation. 

DISCUSSION 

Question:    Did  you  get  a  different  heat  pene- 
tration  rate  with  the  can  in  horizontal  packs 
rather  than  vertical;  and  if  so,  how  do  you 
compensate  for  it? 

V.  O.  Wodicka:    You  can't  load  these  things 
vertically.    Tthink  all  the  units  carry  the 
cans  horizontally.    It  gets  a  little  tricky  de- 
termining your  process  values  because  of 
the  fact  that  it  is  a  mobile  system;  and  un- 
less you  have  some  of  these  clockwork  type 
recording  thermocouples,  it  gets  hard  to 
follow  what  is  happening  going  through  this 
thing.     There  are  simulators  available  from 
each  of  the  manufacturers  whereby  in  labora- 
tory measurements  you  can  arrive  at  pro- 
cess values.    However,  it  is  not  quite  as 
straightforward  as  using  the  typical  thermo- 
couple cans  that  you  use  in  a  still  retort.  We 
have  checked  out  the  specifications  with  a 
recording  thermometer  in  cans,  and  we  find 
that  the  units  perform  as  promised. 


Question:    You  do  not  use  Bulletin  26-L  as  a 
basis  for  processing?    This  is  an  NCA 
bulletin. 

V.  O    Wodicka:    In  our  case,  the  items  for 
which  we  are  using  the  equipment  are,  in  the 
first  place,  acid.    In  the  second  place,  they 
are  such  that  the  cooking  requirements  are 
in  excess  of  the  process  requirements. 
Therefore,  we  don't  have  to  get  too  much 
concerned  with  this. 

Question:    You  use  the  raw  acid  foods,  then? 

V.  O.  Wodicka:    That  is  right. 

Question:    Have  you  processed  asparagus 
spears?    Are  the  horizontal  cans  recommend- 
ed for  asparagus  spears? 

V.  O.  Wodicka:    I  am  sorry,  I  don't  know. 

Question:  How  long  does  it  take  to  change 
the  chain  in  case  you  want  to  go  to  another 
can  size? 

V.  O.  Wodicka:    You  don't  have  to  change  the 
chain.     You  just  put  the  other  can  in.    In  other 
words,  the  chambers  on  the  chain  are  large 
enough  to  hold  a  wide  assortment  of  can 
diameters.    Of  course,  the  length  is  not 
critical,  and  if  you  have  a  smaller  diameter 
than  that,  it  doesn't  make  a  great  deal  of 
difference.     The  can  is  confined.     You  don't 
get  much  rolling  around  or  damage,  and  any- 
thing up  to  the  chain  maximum  dimension  can 
be  handled  by  the  compartment  with  no  par- 
ticular difficulty.     You  noticed  that  at  the 
entrance  point  the  chain  spread  out  and  then 
the  chain  came  together  again,  so  that  the 
elements  on  the  outside  closed  that  space 
and  the  can  can't  fall  out.    We  have  had  no 
particular  difficulty  with  can  jamming  or 
anything  of  the  sort  in  the  cooker. 

Question:     You  mentioned  this  star  valve 
lock  system.    Are  there  other  advantages 
and  disadvantages  of  this  type  of  static  unit 
compared  to  the  other  spiral? 

V.  O.  Wodicka:    Well,  as  I  mentioned,  the 
change  of  can  size  on  the  hydrostatic  units 
takes  nothing  in  particular  except  to  feed  in 
a  different  can  size  unless,  of  course,  the 
process  conditions  are  different.    In  this 
case  there  would  take  some  adjustment.  But 
even  so,  it  is  a  matter  of  minutes  to  make  a 
changeover  rather  than  hours --to  pull  the 
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whole  inside  of  the  cooker  out  and  replace  it. 
Therefore,  the  can  size  flexibility  is  one 
important  consideration. 

Question:    Can  you  tell  us  a  little  about  the 
chain  itself,  what  it  is  made  of,  what  the 
bearings  are,  how  long  a  chain  lasts,  how 
much  trouble  it  is  to  repair  one,  and  what 
happens  when  one  breaks? 

V.  O.  Wodicka:    The  chain  is  made  out  of 
different  materials,  as  are  the  bearings, 
depending  on  the  manufacturer.     These  are 
some  of  the  features  that  I  mentioned  that 
the  various  manufacturers  use  in  argument 
against  one  another.    In  some  instances  they 
are  aluminum,  in  some  instances  stainless, 
and  in  some  instances  a  little  bit  of  both. 
They  differ  in  how  they  are  lubricated.   There 
is  much  discussion  about  relative  chain  life, 
most  particularly  the  relative  importance  of 
water  conditioning  as  a  controlling  factor 
determining  this.    I  can't  tell  you  much  about 
chain  life  because  we  have  only  been  oper- 
ating this  unit  for  about  3  years,  and  we 
haven't  seen  any  evidence  of  difficulty  at  this 
point.    We  have  made  no  replacements. 

Question:    Is  there  any  difference  in  the  way 
you  handle  looking  for  leakers? 

V.  O.  Wodicka:    No,  not  particularly.    What 
do  you  have  in  mind,  typical  seam  examina- 
tions?   You  do  have  this  problem  where  you 
have  a  panel  or  other  faulty  can  through  ex- 
cessive vacuum. 


It  is  possible  to  get  jams  on  the  discharge 
mechanism.  However,  this  is  an  unusual 
sort  of  thing  and  controllable. 

Question:    Has  anybody  done  any  work  on 
shorter  times  without  taller  temperatures 
by  using  liquids  other  than  water?    It  seems 
like  it  would  be  very  possible. 

V,  O.  Wodicka:    If  you  go  to  shorter  times, 
you  would  have  to  raise  your  temperatures. 


Question:     Can  you  go  to  higher  temperatures 
and  shorter  times  by  using  nonaqueous  medi- 
um, or  even  aqueous  mediums  with  something 
like  salt? 


V.  O.  Wodicka:    It  seems  like  I  have  read 
something  of  this,  but  I  don't  know  of  any 
practicable  application  of  it. 


Question:    There  was  one  interesting  develop- 
ment  some  years  ago  by  one  food  manufactur- 
ing company,  and  that  is  the  mixture  of 
vapors.    By  using  higher  boiling  liquids,  they 
did  get  an  excellent  heat  transfer.  Also,  they 
had  a  rather  ingenious  method  of  testing  the 
thermocouples  by  contact  at  different  stages 
where  the  thermocouple  would  come  in  con- 
tactwitha  stripwhichwouldcarrythe  current 
through  the  shell.  However ,  this  was  a  rather 
ingenious  method  and  was  abondoned  because  of 
the  effect  of  the  solvent  on  the  compound. 


FIFTH  SESSION:    Panel  Discussions 

*'NEW  HORIZONS  IN  FOOD  PROCESSING" 

V.  H.  Mc  Far  lane 
Southern  Utilization  Research  and  Development  Division, 

Chairman 


Ladies  and  gentlemen,  welcome  to  this 
fifth  session  of  our  meeting.    I  am  pleased 
to  see  so  many  of  you  here.    I  hope  that  you 
will  take  advantage  of  the  opportunities  this 
morning  to  ask  questions  of  the  panel  mem- 
bers.   Also,  if  there  are  previous  speakers 
here  that  you  did  not  have  an  opportunity  to 
question  before,  we  would  be  glad  to  have 
their  topics  brought  up  for  additional  dis- 
cussion as  time  permits. 

As  Dr.  MacDowell  has  said,  we  will 
have  a  series  of  five  talks  this  morning  be- 


fore we  open  the  discussions.    I  am  not  going 
to  take  much  time  to  introduce  these  gentle- 
men to  you.     They  are  not  only  well  known 
but  they  are  very  highly  qualified  in  their  re- 
spective fields. 

The  panel  topics  are  especially  interest- 
ing.    You  will  note  that  we  are  starting  out 
with  a  discussion  of  raw  material  improve- 
ments.    Then  we  will  get  into  production.  In- 
cidentally, there  is  a  substitution  here--Mr. 
McCaffery  for  Dr.  Wornick.    His  talk  pre- 
sents a  rare  opportunity  to  learn  more  about 
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production  problems  in  freeze  drying.    We 
do  not  get  too  many  production  people  on  our 
programs. 

We  have  a  man  to  discuss  flavor  modifi- 
cation.    Certainly  flavor  is  one  of  the  inter- 
esting topics  today  because  we  are  all  inter- 
ested in  getting  the  flavors  back  into  foods 
that  are  lost  during  different  processing 
steps. 

We  have  a  man  to  discuss  quality  con- 
trol which  is  also  a  highly  important  subject 


because  quality  control  provides  the  means 
for  getting  good  quality  and  healthy  foods  to 
the  consuming  public;  and  more  frequently 
than  not,  increased  returns  to  the  processor. 

We  have  another  gentleman  to  discuss 
the  consumer  wants. 

This  morning's  program  "New  Hori- 
zons in  Food  Processing,  "  promises  to 
bring  you  new  information.     We  hope  it 
will  stimulate  new  ideas  which  you  may 
profitably  put  into  practice. 


RAW  MATERIAL  IMPROVEMENTS 

by 

J.   M.   Lutz 

Market  Quality  Research  Division 

Agricultural  Research  Service 

U.  S.  Department  of  Agriculture 

Hyattsville,  Md. 


Fresh  fruits  and  vegetables  are  living, 
breathing  organisms.     They  undergo  physio- 
logical changes  during  the  interval  between 
harvesting  and  processing.    We  try  to  pre- 
vent undesirable  changes  during  this  period 
or  promote  desirable  changes  during  this 
interval.     This  morning  I  will  review  with 
you  a  few  of  the  things  we  know  about  be- 
havior of  fresh  fruits  and  vegetables  as  re- 
lated to  processing  quality  and  suggest  a 
few  possible  future  developments. 

Most  frviits  and  vegetables  start  losing 
quality  the  moment  they  are  harvested.    Usu- 
ally we  can  slow  these  changes  by  refrigera- 
tion.    Sugar  loss  in  asparagus  is  an  example. 
You  will  notice  how  rapidly  sugar  is  lost  at 
70°  F.     Sugar  loss  is  a  little  less  at  50°  F. 
and  considerably  less  at  32 °F.    But  even  at 
32°  F. ,  we  get  substantial  losses  in  sugar 
content. 

For  most  fruits  and  vegetables  the  opti- 
mum storage  temperature  is  just  above  the 
freezing  point,  which  is  usually  around  30° 
or  32°  F.     There  are  a  number  of  exceptions. 

Sweetpotatoes  are  unhappy  at  tempera- 
tures below  50°  or  55°F.  ,  and  we  all  know 
that  bananas  should  not  be  kept  in  the  refrig- 
erator.   Other  commodities  need  more  in- 
termediate temperatures.    Snap  beans  are 
best  stored  at  around  40°  or  45 °F. 

We  have  differences  even  in  varieties. 
For  most  apple  varieties  we  recommend  30° 


or  32°  F.    But  for  Mcintosh  or  Yellow  Newton 
as  grown  on  the  Pacific  Coast  the  recommend- 
ed temperature  is  38°  F. ,  because  at  32°  F. 
they  are  damaged. 

For  most  commodities  that  are  best 
held  at  30°  to  32°  F. ,  when  we  raise  the  temp- 
erature to  say  40°  F. ,  we  merely  shorten  the 
storage  life.     That  is  not  true  of  all  commodi- 
ties.    Peaches,  for  example,  if  held  for  any 
length  of  time  at  40°  F, ,  would  not  ripen  sat- 
isfactorily when  removed  from  storage.    If 
you  raise  the  temperature  up  to  50°  or  55°  F. , 
they  will  go  ahead  and  ripen,  although 
slowly. 

Before  leaving  this  matter  of  tempera- 
ture, I  want  to  point  out  that  it  is  not  enough 
to  merely  put  the  product  in  storage.     The 
actual  temperature  of  the  commodity  needs 
to  be  lowered  within  a  reasonable  time.    If 
you  should  put  bushel  baskets  of  spinach 
tightly  packed  in  a  cold  storage  room, 
chances  are  the  temperature  would  rise 
rather  than  fall.    It  is  virtually  impossible 
to  cool  this  fast  respiring,    tightly  packed 
product  by  convection. 

Refrigerated  storage  is  commonly  used 
to  extend  the  processing  season  of  a  number 
of  crops,  apples,  pears,  peaches,   snap 
beans,  carrots,  to  name  a  few. 

Storage  of  some  commodities  before 
processing  can  even  improve  the  final  prod- 
uct.    Pears,  for  example,  which  develop  the 
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best  quality  when  ripened  after  picking,  are 
harvested  when  mature  but  still  hard.    If 
ripened  immediately  after  harvest,  they 
ripen  with  great  lack  of  uniformity. 

Ezell  and  Diehl  more  than  30  years  ago 
demonstrated  that  Bartlett  pears  sometimes 
had  to  be  sorted  once  or  twice  before  canning 
because  of  failure  of  the  fruit  to  ripen  uni- 
formly.   After  storage  for  15  days  at  30°  or 
32°  F. ,  they  all  ripened  at  the  same  time, 
so  sorting  was  no  longer  necessary. 

Wiley  and  Stembridge  at  the  University 
of  Maryland  demonstrated  the  effects  of 
maturity  and  storage  on  the  starch  content 
of  apple  slices  and  the  relationship  of  this 
starch  content  to  the  firmness  of  apple 
slices.    Apples  which  produce  slices  that 
are  too  hard  for  processing  at  the  time  of 
harvest  are  acceptable  after  a  period  of 
cold  storage. 

Cold  storage  before  ripening  effectively 
reduces  rhizopus  rot  in  freestone  peaches. 
This  is  often  a  troublesome  problem  during 
ripening  of  peaches.    Pearson,  Neubert, 
and  co-workers  in  the  Northwest  found 
peaches  ripened  immediately  after  harvest 
developed  an  average  of  5  percent  decay. 
Comparable  peaches  ripened  after  a  period 
of  2  weeks'  storage  at  31°  F.  had  only  about 
a  tenth  as  much  decay. 

However,  this  treatment  does  not  con- 
trol brown  rot  which  is  troublesome  in  the 
East  and  in  the  South.    Dr.  Smith  of  our 
Beltsville  Laboratory  has  found  that  hot 
water,   1-1/2  minutes  at  about  130°  F. ,  is 
very  effective  against  brown  rot  and  rhizopus 
rot  of  peaches.     This  treatment  is  being 
adopted  by  the  industry.    We  understand 
there  will  be  several  shippers  using  this 
method  for  shipment  of  fresh  peaches,  and 
I  would  guess  that  this  treatment  might  have 
a  place  in  the  control  of  decay  during  ripen- 
ing of  peaches  for  processing  as  well. 

Storage  does  present  problems  in  canning 
of  sweetpotatoes.    Pectin  and  carbohydrate 
changes  that  occur  during  storage,  which 
make  a  sweetpotato  suitable  for  baking,  make 
it  undesirable  when  you  can  it  whole.    So 
sweetpotatoes  have  to  be  canned  as  soon  as 
possible  after  harvest. 

Julian  Miller,  sitting  in  the  audience 
here,  tells  me  he  has  some  varieties  that 
will  counteract  that  effect,  at  least  in  part. 


but  we  do  have  that  problem,  and  I  imagine 
some  day  some  imaginative  scientist  will 
find  out  how  to  arrest  these  changes  during 
the  curing  and  storage  period. 

We  have  been  hearing  a  good  deal  about 
supplements  to  refrigeration  to  extend  the 
life  of  fresh  fruits  and  vegetables.    A  few 
chemicals  are  used  for  a  few  products  as 
supplements  for  postharvest  decay  control. 
I  am  sure  that  safer  and  more  effective 
fungicides  will  doubtless  be  developed  in 
the  future,  although  I  hope  that  we  will  not 
be  using  more  than  we  are  now.    I  don't 
like  using  chemicals  if  we  can  help  it. 

Controlled  atmosphere,  CA  as  it  is 
known  in  the  trade,  is  used  rather  extensive- 
ly for  lengthening  the  storage  season  of  cer- 
tain varieties  of  apples.    Interest  in  CA  has 
increased  rather  markedly  in  the  last  few 
years. 

There  are  two  reasons  for  this.    One  is 
the  availability  of  liquid  nitrogen  at  a  reason- 
able price,  and  second,  the  availability  of 
systems  for  externally  generating  a  controlled 
atmosphere  in  a  moderately  tight,  ordinary 
cold  storage  room. 

Considerable  research  on  this  subject 
is  being  conducted  at  the  present  time  by 
State  Experiment  Stations,  by  industry,  and 
by  USDA.    When  there  is  a  beneficial  effect 
of  controlled  atmosphere,  it  is  usually,  but 
not  always,  from  low  oxygen  rather  than 
carbon  dioxide  accumulation. 

Each  kind  of  fruit  and  vegetable  has  its 
own  CA  requirements,  the  same  as  it  has 
its  own  temperature  requirements;  and  with 
apples,  different  varieties  of  apples  have 
their  own  CA  requirements. 

From  time  to  time,  we  get  requests  for 
information  on  the  possible  value  of  ozone  to 
preserve  product  quality.     To  date,  experi- 
mental evidence  suggests  little  value  from 
ozone.    One  part  per  million  is  harmful  to 
strawberries  and  lettuce. 

Ozone  also  has  potential  hazards  to  man. 
So  we  see  little  potential  value  from  this 
treatment,  although  we  are  currently  study- 
ing this  problem  further  at  our  Beltsville 
Laboratory  xmder  controlled  temperatures 
and  known  ozone  concentrations. 

We  know  there  is  going  to  be  more  and 
more  mechanical  harvesting  of  crops. 
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particularly  for  processing.    We  hope  that 
mechanical  harvesting  does  not  damage  the 
products  more  than  hand  harvesting.    How- 
ever, with  tree  fruits  which  are  apt  to  hit 
branches  as  they  fall,  we  can  expect  more 
injury  than  with  hand  harvesting.     These  in- 
juries make  the  fruit  more  susceptible  to 
decay,  so  the  interval  between  harvesting 
and  processing  will  probably  have  to  be 
shortened,  or  we  may  have  to  use  refriger- 
ated temperatures  where  ambient  tempera- 
tures now  suffice. 

Possibly  chemical  or  other  decay  pre- 
ventative measures  such  as  hot  water  or  hot 
air  treatments  will  need  to  be  used.    We 
are  continually  obtaining  new  knowledge  on 
the  control  of  diseases  during  the  postharv- 
est  period,  and  I  am  sure  some  of  this 
knowledge  will  be  applied  to  the  needs  of 
the  processing  industry,  particularly  as  re- 
lated to  mechanical  harvesting. 

Better  methods  of  predetermining  pro- 
cessed quality  from  the  raw  product  should 
improve  the  processed  products  of  the 
future. 

The  tomato  juice  colorimeter  is  being 
used  more  and  more  each  year  to  predict 
from  samples  of  the  raw  tomatoes  how  red 
the  catsup,  soup,  or  other  processed  prod- 
ucts will  be.    Because  color  affects  the 
prices  paid  for  processing  tomatoes,  the 


grower  has  an  incentive  to  deliver  a  better 
product  to  the  canner. 

Other  procedures  use  light  transmittance 
techniques  to  predetermine  product  quality 
and  will  probably  be  used  to  sort  commodities 
for  internal  defects.    Hollow  heart,  which  is 
often  very  troublesome  in  processing  potatoes, 
can  be  detected  without  even  cutting  the  potato, 
Sonics  are  another  technique  which  appears 
to  offer  promise  in  determining  quality,  par- 
ticularly texture  of  agricultural  products. 

Before  closing,  I  want  to  comment  brief- 
ly on  irradiation.    We  heard  good  results  it 
had  with  shrimp  and  oysters  yesterday.    Un- 
fortunately, with  fresh  fruits  and  vegetables 
we  don't  have  that  hope. 

We  ran  fairly  large-scale  tests  in  1963 
simulating  as  far  as  possible  commercial 
conditions  at  our  Fresno  Laboratory,    We 
had  the  Canadian  mobile  irradiator  available 
to  us.    Out  of  22  fruits  and  vegetables  tested, 
only  3,  strawberries,  mushrooms  and  2  of  3 
varieties  of  fresh  figs,  were  not  damaged  by 
the  treatment.     For  most  of  the  others,  we 
had  darkening  and  softening  at  dosages  which 
were  needed  to  control  decay. 

We  are  continually  developing  new  inform- 
ation on  methods  of  handling  storage  and  decay 
control  of  freshfruits  and  vegetables.  Aswe 
obtain  this  new  knowledge,  we  will  be  applying 
it  to  the  needs  of  the  processing  industry. 


THE  FUTURE  OF  FREEZE-DRIED  CONVENIENCE  FOODS 

by 

T,  J.  McCaffery 

United  Fruit  Food  Corp. 

Edinburg,   Tex. 


In  any  discussion  of  convenience  foods  it 
is  well  to  establish  what  we  mean  by  "con- 
venience. " 

To  primeval  man  convenience  in  food 
meant,  perhaps,  coming  across  a  freshly- 
killed  animal  that  he  did  not  have  to  stalk 
and  club  to  death. 

To  us  today  convenience  in  food  takes 
many  forms,  the  dry  soup  mix,  the  flip-top 
can,  the  frozen  dinner,  the  instant  coffee. 
Each  provides  a  certain  amount  or  quality 
of  built-in  "maid  service"  and  as  such  is  not 
absolutely  convenient. 


As  one  engaged  in  the  freeze-drying  of 
foods,  I  am  not  here  to  suggest  that  freeze- 
dried  foods  provide  absolute  convenience  be- 
cause they  do  not.     For  that  matter,  no  food 
is  totally  convenient,  be  it  in  packaging,  cost 
of  shipment,  storage  life,  ease  of  prepara- 
tion, or  overall  quality. 

Frozen  foods,  for  example,  are  usually 
of  excellent  quality  but  they  have  to  be  kept 
frozen  if  they  are  to  keep  from  spoiling  and 
are  therefore  useless  to  a  camper  who  has 
to  carry  his  food  on  his  back. 

Canned  milk  is  good  but  it  doesn't  com- 
pare with  the  fresh  milk  and  the  fact  that 
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instant  coffee  or  frozen  orange  juice  do  not 
produce  the  quality  of  their  freshly  brewed 
or  squeezed  counterpart  has  not  prevented 
them  from  becoming  multi-million  dollar 
items  in  the  National  diet.  Their  conveni- 
ent ease -of -preparation  has  far  outweighed 
the  inferior  taste. 

We  have  a  new  generation  born  to  con- 
venience that  has  a  palate  for  these  products. 
My  own  children  love  a  glass  of  orange  juice 
made  from  the  frozen  concentrate  and  will, 
only  with  great  persuasion  accept  a  freshly 
squeezed  glass.    I  suppose  it's  an  indication 
of  my  age  but  I  still  prefer  fresh  orange  juice. 

There  are  indeed  many  factors  that  make 
any  processed  food  acceptable  and  final  taste 
is  only  one  factor. 

Why  am  I  making  these  observations? 
Because  some  people  compare  a  freeze-dried 
food  with  its  fresh  counterpart  and  find  it 
wanting.    A  freeze-dried  food  is,  after  all,  a 
dry  product  and  there  is  no  more  logic  in 
comparing  it  with  the  fresh  food  than  there 
is  in  attempting  to  equate  a  canned  pea  with 
a  frozen  one  or  in  downgrading  a  prune  be- 
cause it  is  unlike  the  plum  it  came  from. 

Of  all  dehydrated  foods,  those  obtained 
by  freeze-drying  are  the  best.    In  the  dry 
state  they  are  generally  lighter  than  those 
dried  by  other  methods;  they  rehydrate  al- 
most instantly  and  retain  their  original  nutri- 
ents,  shape,  and  color  to  a  very  marked 
degree. 

In  some  instances,  there  are  freeze- 
dried  foods  on  the  market  which  are,  in  fact, 
superior  to  the  usual  quality  of  those  pro- 
cessed by  other  means  or  prepared  from  the 
generally  available  fresh  ingredients.   This 
occurs  only  because  the  freeze-drying  pro- 
cessor begins  with  an  exceptionally  good 
product  and  processes  it  under  conditions 
that  the  average  chef  or  housewife  does  not 
have  at  his  disposal. 

So  far,  we  have  compared  freeze-dried 
foods  with  those  processed  by  other  means, 
but  what  of  those  that  can  only  be  success- 
fully preserved,  by  freeze-drying,  for  an 
indefinite  period  at  room  temperature  and 
still  be  of  a  quality  comparable  to  the  fresh? 
Freeze-dried  banana  slices  are  a  good  ex- 
ample, peas  are  another. 


Those  of  us  who  are  engaged  in  freeze- 
drying  are  certainly  enthusiastic  about  it, 
but  not  thereby  blinded  to  reality.     Freeze- 
drying  will  not  make  obsolete  the  conveni- 
ence of  other  food  preservation  methods 
but  will,  and  at  the  present  time  is,  creating 
its  own  share  of  the  convenience  foods  mar- 
ket.    This  ever-increasing  share  will  be  ob- 
tained by  those  who  maintain  an  unrelenting 
standard  of  quality. 

Our  continually  improving  living  stand- 
ards have  made  yesterday's  luxuries  today's 
necessities  with  the  result  that  the  average 
person  enjoys  greater  comforts  than  a  king 
of  the  middle  ages. 

Armies  still  travel  on  their  stomachs, 
but  hard-tack  no  longer  suffices.    Restaur- 
ants survive  by  serving  good  food  at  the 
reasonable  prices  made  possible  by  the  con- 
venience added  to  the  foods  they  purchase. 
Today's  housewife  likes  to  provide  her 
family  with  a  variety  in  meals  that  she  can- 
not achieve  in  the  time  available  to  her  un- 
less more  and  more  "maid  service"  is 
added  to  the  foods  she  buys. 

It  has  been  found  that  freeze-dried  foods 
perform  best  as  components  of  dry  mixes. 
Because  of  this,  even  greater  amounts  of 
freeze-dried  ingredients  are  used  industri- 
ally where  they  add  extra  value  and  conveni- 
ence to  what  otherwise  might  be  a  rather 
uninteresting  or  incomplete  product. 

"Egg  solids,  "  the  vastly  improved 
powdered  eggs  of  wartime  notoriety  have 
become  highly  successful  instant  omelets 
when  combined  with  freeze-dried  ham, 
mushrooms,  onions,  or  green  peppers. 

An  excellent  dry  sauce  becomes  a  sup- 
erb "Shrimp  Imperial"  when  freeze-dried 
shrimp  are  included  in  the  package. 

A  chicken  noodle  soup  mix  achieves 
eminence  when  actual  chunks  of  freeze- 
dried  chicken  are  part  of  the  total  mix. 

What  of  the  housewife  who  comes  home 
from  work  just  before  her  husband  and  wants 
to  have  a  meat  loaf  ready  and  on  the  table  in 
the  time  it  takes  him  to  shower?    Nothing 
simpler  than  to  open  a  can  with  all  of  the 
necessary  ingredients  in  it,  or,  a  sure-fire 
Chicken    a   la   King    that    is    prepared   in 
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the  time  it  takes  to  get  everything  else 
ready? 

The  armed  forces,  which  have  been 
large  purchasers  of  single-item  freeze-dried 
foods,  are  now  beginning  to  use  mixes  such 
as  chicken  stew,  beef  hash,  and  others. 

All  of  these  are  realities  today,  so, 
what  of  the  future?    Freeze-dried  foods  have 
made  room  for  themselves  in  the  National 
diet  but  we  have  yet  to  fully  develop  their  po- 
tential and  opportunities. 

In  my  hand  I  am  holding  some  blocks 
that  are  very  light  and  taste  delicious.     You 
have  all  eaten  this  many  times  but  have  prob- 
ably never  put  it  in  your  mouth  with  your 
fingers.    A  friend  of  mine  took  some  pieces 
of  this  material  home  and  offered  them  to  his 
wife  saying,  "Would  you  like  some  ice 
cream?"  to  which  she  replied  in  surprise, 
"What,  in  my  hand?" 

This  is  freeze-dried  ice  cream  with  the 
ice  removed.    "So  what"  you  say,  "what  is  it 
good  for?" 


Well,  for  one,  you  could  shape  it  in  a 
ball,  place  it  on  a  cone  and  give  it  to  your 
three -year -old  with  the  assurance  that  his 
clothes,  face,  and  hands  would  not  be 
dripping  when  he  finished  eating  it.    Better 
yet,  how  about  enrobing  one  of  these  blocks 
with  chocolate  and  making  a  delicious  candy 
or  making  it  in  the  shape  of  flakes  so  that 
you  could  pack  it  with  cereal  and  spoil  your 
kids  by  giving  them  ice  cream  for  break- 
fast? 


This  is  an  example  of  the  challenging 
possibilities  that  the  peculiar  advantages  of 
freeze-drying  can  add  to  an  everyday 
food. 


Just   as   today   doctors   write   prescrip- 
tions  that    could   not   have   been   filled   ten 
years   ago,    I   venture   to    say   that  within 
ten   years   there   will   be   common,    every- 
day  foods    of   outstanding    convenience 
only   because   of   the    added  value   that 
can   be   built   into   them   by   freeze-drying. 


FLAVOR  MODIFICATION 

by 

E.  T.   Theimer 

International  Flavors  and  Fragrances,  Inc. 

New  York,  New  York 


Mr.  Chairman,  ladies  and  gentlemen: 

When  your  committee  chairman,  Dr. 
Bruno  Wojcik,  invited  me  to  be  a  member  of 
this  panel,  I  told  him  that  although  my  com- 
pany was  vitally  interested  in  all  aspects  of 
flavor,  I  myself  was  not  a  specialist  in  this 
area.    He  nevertheless  was  kind  enough  to 
let  the  invitation  stand,  and  I  shall  do  my 
best  to  present  several  aspects  of  this  sub- 
ject which  seems  to  be  of  particular  import- 
ance not  only  from  an  industrial  standpoint, 
but  also  from  the  much  broader  point  of  view 
of  the  general  welfare  of  mankind. 

The  time  factor  alone  precludes  treating 
all  aspects  of  flavor  modification,  even 
briefly,  but  more  important,  it  seems  to  me, 
is  not  so  much  a  discussion  of  present  prac- 
tices as  a  hopeful  glimpse  into  the  future, 
with  perhaps  some  historical  background  to 
establish  the  basis  for  the  optimism. 


Thus  the  present  practices  of  flavor  en- 
hancement by  replacing  flavors  lost  in  food 
processing  certainly  are  valuable,  but  are 
probably  only  a  transitory  phase,  just  as  the 
upgrading  of  meat  and  dairy  products  cannot 
be  a  final  solution. 

As  we  heard  previously,  food  shortages 
may  be  eliminated  by  developing  entirely  new 
food  sources,  but  these  will  require  new 
sources  of  flavors  to  make  them  palatable. 
It  is  with  the  prognosis  for  the  availability  of 
such  flavors  that  I  propose  to  deal,  and  for 
this  discussion  we  shall  need  some  back- 
ground. 

Flavor  sensation  is  composed  of  the  ele- 
ments of  aroma  or  fragrance,  taste,  and 
"mouth  feel"  which  includes  the  effect  of 
consistency  and  texture.    Since  we  must 
learn  to  walk  before  we  run,  a  brief  con- 
sideration of  prior  studies  on  fragrances 


104 


and  results  achieved  may  be  appropriate,  for 
in  this  field  the  problems,  while  intricate, 
are  still  less  complex  than  the  correspond- 
ing ones  involving  the  study  of  flavors. 

In  the  first  place,  odor  is  but  one  com- 
ponent of  flavor.    It  is  caused  by  a  reaction 
of  volatile  molecules  upon  the  oLfactive 
nerve  endings  in  the  nose  by  a  mechanism  as 
yet  unexplained.    Odor  is  confined  to  mole- 
cules below  molecular  weight  about  300,  or 
with  not  more  than  20  carbon  atoms,  probably 
because  of  the  volatility  factor.    As  far  as 
we  know,  the  composite  odor  or  aroma  of 
even  a  complex  mixture  is  the  additive  effect 
of  the  odors  of  its  components,  and  no  cases 
have  been  substantiated  of  synergistic, 
neutralization,  or  other  nonlinear  effects. 

Natural  fragrances,  such  as  flower  oils, 
are  complex  mixtures,  but  at  least  their 
analysis  can  be  undertaken  with  large  amounts 
of  starting  material.     Ten  kg.  of  jasmine 
absolute  or  otto  of  rose  may  be  expensive 
but  at  least  these  amounts  are  available  for 
purchase. 

It  is  for  these  reasons  that  natural  frag- 
rances have  in  certain  cases  been  success- 
fully analyzed,  leading  to  fairly  accurate 
duplication  by  synthesis  and  blending. 

If  one  wonders  at  the  relatively  slow 
progress  in  the  analysis  and  duplication  of 
natural  flavors,  one  can  find  at  least  a 
partial  explanation  in  considering  the  added 
complications. 

1.  Flavor  has  the  added  elements  of 
taste  and  "mouth  feel"  mentioned  above. 

2.  Flavor  is  often  a  nonlinear  effect. 

3.  Flavor  components  are  often  un- 
stable, and  change  rapidly  even  at  ambient 
conditions. 

4.  Man,  and  other  animals,  are  ex- 
tremely sensitive  to  flavors,  fantastically 
small  amounts  giving  very  pronounced 
effects,  and  minute  changes  in  composition 
leading  to  dramatic  differences. 

5.  The  available  amounts  of  flavor  for 
analysis  resulting  from  extraction  of  tons  of 
starting  material  is  often  no  more  than  a  few 
grams,  or  even  less. 


Of  all  these  factors,  the  most  challeng- 
ing but  at  the  same  time  the  least  understood 
is  the  nonlinearity.    It  is  the  basis  of  much 
of  the  so-called  culinary  art,  which  has  been 
much  admired  but  little  understood.     The  ex- 
perienced chef,  using  only  his  palate  to  guide 
him,  with  the  aid  of  very  common  additives 
such  as  salt,  sugar,  spices,  essential  oils, 
etc. ,  could  create  tantalizing,  delectable 
tidbits  while  the  same  materials  in  the  hands 
of  one  less  experienced  could  lead  only  to 
the  commonplace,  barely  acceptable  drab 
foods  much  too  prevalent  even  today.     Such 
additives  were  known  simply  as  seasonings 
or  flavor  enhancers. 

The  Japanese  had  long  used  natural  addi- 
tives, such  as  soysauce,  seaweed  extractives 
and  dried  fish  to  enhance  the  flavor  of  pre- 
pared foods.     Belatedly  scientific  minds  be- 
gan to  wonder  why  these  materials  were  so 
effective,  and  the  active  ingredients  were 
isolated  and  identified.     This  led  to  the  in- 
troduction, first,  of  monosodium  glutamate 
(MSG)  and  more  recently,  of  the  nucleotides, 
5'-inosinate  and  5'-gyanylate  with  which  you 
are  all  familiar.    Dignified  by  the  name  of 
flavor  potentiators,  these  materials  have 
created  something  of  a  sensation  and  no 
little  debate  as  to  the  mechanism  of  the 
phenomenon  now  known  as  flavor  potentia- 
tion.   All  theories  are  based,  unfortunately, 
on  an  almost  complete  ignorance  of  the  mech- 
anism of  sensory  perception.    Whether  a 
potentiator  acts  on  the  sensory  organs  to 
change  their  sensitivity  or  has  a  synergistic 
effect  on  other  components,  or  imparts  a 
specific  flavor  note  of  its  own  must  await 
further  investigation  by  the  physiologist 
and  psychologist. 

Significantly,  most  of  the  research  so 
fax  reported  has  been  in  the  area  of  potenti- 
ating the  flavor  of  meats,  fish,  soups  and 
certain  vegetables.     Little  is  known  about 
possible  potentiators  for  fruits  and  berries 
although  maltol  has  shown  some  effect  in 
some  areas.    Recently,  workers  at  the 
International  Minerals  and  Chemicals  Re- 
search Laboratories  have  called  attention 
to  the  strange  effect  on  the  taste  buds 
caused  by  eating  the  so-called  miracle  fruit 
from  West  Africa,  known  locally  as"  agbayun", 
a  native  shrub  (Synsepalum  dulcificum). 
After  eating  the  fruit,   sour  foods  or  beverages 
taste  sweet  for  the  next  hour  or  two.    It 
greatly  enhances  the  flavor  of  citrus  fruit 
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and  they  say  it  makes  the  delightful  flavor  of 
fresh  strawberries  "so  wonderful  that  it 
defies  description".     Curiously,  when  mixed 
with  sour  foods,  it  has  no  effect  but  must  be 
eaten  first  and  allowed  to  coat  the  mouth. 
They  have  not  yet  identified  the  active  prin- 
ciple but  suspect  it  could  be  a  glycoprotein. 
We  had  a  sample  of  this  fruit  in  our  labora- 
tories some  years  ago  and  can  vouch  for  its 
strange  effect.     Even  95  percent  alcohol 
seemed  "cool"  after  eating  the  fruit. 

In  this  discussion  I  have  mentioned  only 
the  first  order  of  complexity,  the  direct  po- 
tentiating action.    MSG,  which  has  no  flavor 
in  distilled  water  at  0.  01%  concentration, 
can  "potentiate"  at  much  lower  concentra- 
tions.    This  is  true  also  for  the  nucleotides. 
But  mixture  of  MSG  and  a  nucleotide  each  in 
subthreshold  amounts  can  be  effective,  pre- 
sumably by  potentiating  each  other,  and 
vai'ious  combination  of  nucleotides  are 
much  more  effective  than  the  sum  of  the 
components. 

Having  mentioned  some  of  the  obstacles 
that  lie  in  our  path  let  us  go  back  to  the  be- 
ginning and  see  how  fai'  we  have  come. 

The  sjmthetic  flavor  industry,  in  its  first 
stage,  from  its  inception  until  several  decades 
ago,  concerned  itself  mainly  with  providing 
flavors  for  sweets,  desserts,   soft  di'inks, 
cakes,  puddings,  and  so  forth.    In  short, 
they  were  for  more  or  less  luxury  products 
not  in  themselves  the  essential  staples  of  nu- 
trition.   Exti'act  of  vanilla  and  later  vanillin, 
its  main  ingredient,   made  by  chemical  s>ti- 
thesis  provide  perhaps  the  classical  example. 
Man  tlien  improved  upon  nature  (so  most  ex- 
perts say)  by  synthesizing  the  next  higher 
homologue,  etliyl  vanillin,   stronger  and 
slightly  different  in  flavor.     Essential  oils 
were  and  are  a  major  source  of  synthetic 
flavors  used  for  the  same  purpose.    We  are 
all  familiar  with  lemon  and  orange  oils,  pep- 
permint oil  and  sjoithetic  menthol,  and 
Cassia  oil  or  cinnamic  aldehyde  to  name 
several. 

The  above  examples  represent  materials 
used  on  a  lai'ge  scale  either  because  of  ready 
availability  as  natural  products,  or  because 
of  relative  simplicity  and  ease  of  manufacture 
in  the  case  of  the  s\Tithetics.     Citral,  benzal- 
dehyde,  vanillin,  cinnamic  aldehyde,   each  is 
a  major  flavor  ingredient,  of  lemon  oil,  bitter 
almond  oil,  vanilla,  and  Cassia  oil  respective- 
ly, and  can  be  obtained  more  economically 


either  from  other  natural  sources  or   s>ti- 
thetically. 

These  early  successes  soon  led  to 
attempts  by  flavorists  to  broaden  their  base  of 
operations,  with  varying  success.    Methyl 
anthranilate  provided  an  excellent  base  for 
grape  flavor,  but  strawberry,  raspberry, 
peach,  apricot,  and  many  other  fruits  pre- 
sented a  different  problem  entirely.    In 
these,  the  flavor  could  not  be  reproduced 
by  available  synthetics,  although  certain 
vaguely  similar  effects  were  produced,  for 
example,  certain  homologous  esters  of 
phenyl  glycidic  acid  give  a  tolerable  straw- 
berry effect,  as  does  gamma  undecalactone 
for  peach,  and  gamma  nonalactone  is  quite 
like  coconut.     However,  these  materials  are 
poor  substitutes  at  best  and  are  not  in  gener- 
al acceptable  to  the  sophisticated  palate. 
In  addition,  these  materials,  being  purely 
artificial  (in  contrast  with  svTithetic)  present 
both  legal  and  medical  problems  in  their 
use. 

At  the  same  time,   efforts  to  analyze  the 
flavor  of  fruits  such  as  I  have  just  listed 
failed  for  many  years  because  of  insufficient- 
ly advanced  technology. 

In  spite  of  the  difficulties  previously  dis- 
cussed,  significant  progi^ess  has  recently 
been  made  in  flavor  duplication  due  principal- 
ly to  the  spectacular'  anal>i;ical  instruments 
now  available.     These  ai'e  no  doubt  well 
known  to  most  of  you,    but  for  the  sake  of 
completeness  I  will  enumerate  them.   Their 
function  is  first  sepai'ation,  then  identifica- 
tion of  isolated  components.     The  separation 
is  achieved  by  gas  chi'omatography  supple- 
mented by  thin  layer  or  column  chromato- 
graphy for  less  volatile  compounds. 

These  components  can  be  identified  pai't- 
ly  by  elution  time  under  controlled  conditions 
from  polai"  and  nonpolai'  columns  in  the  case 
of  known s. 

Confirmation  of  structure,   or  identifica- 
tion of  unknowns  is  achieved  spectrographic- 
ally  with  infrared,  ultraviolet,  mass,  and 
nucleai'  magnetic  resonance  spectrometers, 
the  first  three  requiring  less  than  one  micro- 
gram of  sample  under  ideal  conditions,  but 
the  last,  which  can  give  the  most  information, 
requiring  at  least  1000  times  as  much  even 
with  the  Ivighest  resolution  instrument  and 
using  noise  averaging  techniques.     By  these 
metliods  we  have,  in  our  laboratories. 
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identified  over  130  ingredients  in  the  straw- 
berry.   Many  of  these  are  commonly  known 
and  commonly  occurring  substances  found 
in  many  fruits.    Others  have  little  or  no 
odor  or  taste.    Still  others  seem  to  have 
very  interesting  odors  and  tastes  and  may 
occur  in  appreciable  amounts.    In  the  first 
flush  of  discovery,  it  is  the  natural  tendency 
to  make  use  of  only  those  materials  which 
seem  to  have  character  and  interesting 
taste  or  odor.    Also,  first  attention  is  often 
given  to  those  components  which  occur  in 
the  largest  amounts.    We  often  read  that  the 
major  constituents  of  a  food  have  been  identi- 
fied.    Several  investigators  have  demon- 
strated that  mixed  aqueous  solutions  of  sub- 
stances can  be  readily  tasted  even  though 
each  is  present  at  well  below  its  threshold 
concentration.    Since  threshold  values  may 
be  below  the  sensitivity  of  our  best  analytical 
instruments,  this  additive  or  synergistic 
effect,  it  may  be  both,  cannot  be  overlooked 
if  we  are  to  achieve  perfection  in  our  pur- 
suit of  excellence. 

In  the  light  of  the  unfolding  theories  con- 
cerning flavor  potentiators,  many  of  the  "un- 
interesting" substances  which  have  been 
identified  are  being  taken  off  the  shelf  and 
re-examined.     This  fascinating  subject  is 
unfortunately  beyond  the  scope  of  this  sum- 
mary, and  I  have,  I  am  afraid,  touched  too 
briefly  on  it  to  be  of  use  to  the  few  uniniti- 
ated in  this  audience,  while  belaboring  the 
obvious  for  most  of  you. 

Having  said  that  we  are  now  beginning  to 
achieve  some  success  in  making  quite  accept- 
able fruit  flavors,  I  must  now  return  to  my 
original  thesis  that  this  is  not  the  main  goal 
of  our  industry,  nor  does  it  help  materially 
towards  amelioration  of  the  developing  food 
shortages  so  ably  discussed  by  some  of  the 
previous  speakers.    It  is  all  very  well  to 
make  a  flavored  gelatin  dessert  which  is 
recognizable  as  strawberry  other  than  by 
its  red  color,  but  I  suspect  that  while  this 
may  have  real  commercial  value  for  the 
marketing  of  that  particular  brand  of  des- 
sert, its  overall  effect  towards  nourishing 
mankind  is  not  revolutionary.    We  are  still 
in  the  luxury  rather  than  necessity  area. 
But  we  are  beginning  to  enter  a  broader 
field. 

A  constant  flow  of  publications  is  coming 
from  many  government,  educational  and  in- 
dustrial laboratories  listing  components 
identified  in  various  foods  products.  Almost 


every  food  has  been  or  is  being  investigated, 
including  fruits,  vegetables,   meat,  butter, 
cheese,  coffee,  etc.    In  spite  of  all  of  this 
intensive  work,  no  single  flavor,  as  found 
in  nature,  has  yet  been  fully  and  satisfact- 
orily duplicated  although  vast  improvements 
have  been  made.     Success  here  is  very  im- 
portant, even  critical,  because  of  human  be- 
haviour patterns.    It  is  said  that  a  drowning 
man  will  grasp  at  a  straw.     But  will  a 
starving  man  eat  straw?    Even  if  it  has  been 
carefully  compounded,  to  contain  the  proper 
nutritional  elements,  with  protein,  carbo- 
hydrate, fat  and  vitamin  content  carefully 
balanced,  and  it  tastes  like  straw,  experi- 
ence shows  he  would  rather  starve  than  eat 
it,  unless  he  happens  to  like  straw.    And 
that  is  not  exactly  a  joke. 

For  when  we  talk  about  undernourished 
peoples,  we  speak  of  many  different  groups, 
with  different  backgrounds  of  experience. 
Each  wants  food,  but  also  wants  what  it  has 
been  used  to  eating,  and  will  reject  the  un- 
familiar.   Here  at  home  we  eat  potatoes,  as 
well  as  rice,  and  often  prefer  them  to  rice, 
if  indeed  we  have  a  preference.    We  know 
both,  and  have  learned  to  eat  them.     Yet  in 
Indonesia,  for  example,  potatoes  are  reject- 
ed and  rice,  the  familiar,  the  known,  is 
eaten  exclusively.    Similarly,  peoples  who 
have  a  lifetime  of  experience  with  fish  diet 
will  refuse  the  finest  steak.     This  is  no 
different  from  our  findings  that  adults  do 
not  like  chocolate  if  they  never  had  it  as 
children,  or  that  national  preferences  in 
soft  drinks  are  based  similarly  on  familiar- 
ity.    Even  cola,  that  ubiquitous  product,  is 
accepted  in  many  areas  more  by  default  than 
by  preference,  and  the  Austrians  would  still 
rather  drink  raspberry  juice,  Himbeersaft, 
which  finds  no  market  at  all  in  our  country. 

What  then  is  the  role  of  the  flavor  indus- 
try in  all  this?    It  is  simply  to  recognize 
these  national  preferences  and  to  make  use  of 
them.    We  can  expect  that  a  new  source  of 
food,  principally  protein,  whether  from  soy, 
peanut,  cottonseed,  from  petroleum  by  syn- 
thesis or  bacterial  action,  from  fish  flour, 
or  from  any  other  source,  can  be  supplied  as  a 
bland,  sterile,  odorless,  tasteless  product. 
All  that  is  needed  is  a  rigorous  process  which 
destroys  all  the  viable  elements  and  leaves  only 
the  nutritional  ones.  In  the  past  the  difficulty 
with  food  processing  has  been  that  it  attempted 
to  produce  a  flavorful  tasty  product,  and  this  was 
not  possible  because  the  flavor  elements  are 
among  the  most  delicate  and  sensitive. 
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The  next  requisite,  proper  texture  or 
consistency  can  be  re-incorporated  by  vai'i- 
our  techniques,  as  we  have  heai'd.     For  ex- 
ample,  soy  meal  can  be  made  to  feel  and 
crunch  like  potato  chips,  like  dessert  cookies, 
or  even  like  hamburger  patties. 

This  leaves  only  the  sine  qua  non,  flavor. 
And  this  problem  will  be,  in  fact,  is  being 
solved.     New  flavors--whether  they  are 
called  sjTithetic  depends  upon  the  precise 
definition  of  the  word--ai'e  ali-eady  available 
which  will  make  a  bland  protein  material  taste 
like  bread,  like  butter,  like  potato,  or  like 
meat.    More  specifically  the  meat  flavor  can 
be  beef,  pork,  lamb,  or  pot  roast  with  pan 
gravy.    Shortly  we  may  be  able  to  say  "Name 
it  and  you  can  have  it.  "    Surely  that  time 
will  come  before  the  protein  deficit  has  been 
overcome  by  sjaithesis. 

The  methods  by  which  these  flavors  have 
been  produced  ai'e  vai'ied.     They  include  bio- 
chemical,  s>iithetic,  and  enzymatic  process- 
es.   Some  have  been  published,  others  are 
still  too  new.    In  much  of  this  work,  the 
anal>i:ical  insti'uments  have  played  a  pai't, 
for  they  have  provided  some  knowledge  into 
the  composition  of  natural  flavors  and  have 
thus  helped  clear  the  way  for  duplication.  It 
is  true  that  in  many  cases  the  individual  com- 
ponents ai'e  very  simple  compounds,  but  tliat 
does  not  mean  that  tlae  problem  is  simple. 
For  the  amounts  tliat  ai'e  present  are  so 
minute,  and  the  composition  of  the  mixture 
so  critical,  that  gross  methods  of  duplica- 
tion fail  utterly,  and  final  success  can  be 
achieved  only  by  flavorists.  who,  having  to 


a  high  degree  the  quality  of  flavor  perception 
present  to  some  extent  in  all  of  us,  can  use 
tlie  results  of  scientific  analysis  to  blend 
proper  mixtures. 


It  would  be  unfair,  however,  to  oversim- 
plify the  matter  by  stopping  here.  We  are  all 
familiar  with  change  in  flavor  with  ripening  of 
fruit,  cookingof  vegetables  or  potatoes,  roast- 
ing of  meat,  and  so  on.   Flavors  ai'e  delicate, 
sensitive,  and  evanescent.  Heat  above  all  can 
change,  even  destroy.  We  can  put  the  finest 
most  faitlifully  reproducedflavor  into  the  raw 
food,  and  it  may  be  gone  or  completely  altered 
at  meal  time.  Again,  new  techniques  are 
coming  to  the  rescue.    One  is  encapsulation 
of  the  flavor  material.     Thus  sealed  in,  the 
flavor  is  protected  until  such  time  as  release 
is  desired.   That  release  can  be  achieved  by 
heat,  pressure  rupture,  or  solubilization. 
For  example,  getting  back  for  a  moment  to 
the  luxury  field,  chewing  gum  flavor,  which 
loses  strength  and  quality  during  shelf  stor- 
age of  the  finished  g"um,  retains  its  quality 
and  strength  when  encapsulated,  so  that  less 
than  half  the  amoimt  of  flavor  is  required 
when  thus  protected.   The  same  principle  is 
applicable  in  most  areas  of  flavor  work. 

In  conclusion,  I  should  like  to  predict 
that  the  flavor  industry  will  continue  to  make 
important  conti'ibutions  to  the  desirability  and 
therefore  to  the  acceptability  of  all  new  food 
products  developed  from  whatever  source,  and 
that,  thanks  to  intensified  reseai'ch  efforts  and 
new  techniques,  the  rate  of  the  contributions  will 
keep  pace  with  the  rest  of  progress  in  the  field. 


QUALITY  CONTROL 

by 

A.   Ki-amer 

Depai'tment  of  Horticulture 

University  of  Mai^yland 

Colleoe  Park,  Md, 


Since  in  the  next  10  minutes  I  am  to 
cover  all  of  quality  control,  the  only  way  that 
I  can  do  this  is  simply  to  touch  on  the  high- 
lights with  the  hope  that  tliose  of  you  who  are 
interested  in  going  to  special  areas  will  bring 
them  up  later  in  the  discussion. 

I  would  like  to  start  out  by  saying  that  the 
quality  control  operation  begins  and  ends  with 
consumer  or  customer  specifications:  as  ob- 
vious as  this  may  sound,  it  is  frequently 


overlooked.    Ask  vourseK  when  you  do  your 
research  whether  you  are  really  looking  at 
it  from  that  standpoint. 

The  pkint  breeders  among  us,  for  in- 
stance, how  often  do  they  throw  away  some 
useful  material  or  maintain  it  unnecessarily 
because  they  themselves  tasted  it  and  decided 
it  was  of  no  value  or  vice  versa?    Similarly, 
when  working  with  a  pai'ticular  new  process, 
say  irradiation,  we  may  become  so  involved 
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in  our  own  particular  operation  that  we  may 
decide  that  the  product  is  extremely  satis- 
factory,  better  than  anything  that  is  on  the 
market,  without  consulting  the  potential 
customer  for  the  new  process  or  product. 
Actually,  it  is  not  the  business  of  the  in- 
vestigator to  make  that  decision;  it  is  the 
customer's,  the  ultimate  consumer's  deci- 
sion to  make.     This  independent  evaluation 
of  customer  preference  is  where  a  control 
system  should  begin.    It  should  end  with  the 
customer  specifications. 

Before  any  such  system  can  be  put  into 
effect,  there  must  be  test  procedures  that 
are  objective,  reliable,  and  accurate,  that 
can  be  utilized  to  measure  these  specifica- 
tions.   Once  these  tests  are  available,  there 
needs  to  be  a  sampling  procedure  where  the 
samples  of  the  material  are  to  be  tested. 
This  is  where  statistics  come  in,     A  statistic- 
al method  of  sampling  will  provide  us  with  in- 
formation at  a  fraction  of  the  cost  that  a  non- 
statistical  procedure  will  provide. 

Then  the  samples  must  be  recorded  and 
reported,  and  here  again  a  statistically  based 
procedure  for  recording  and  reporting  is  far 
more  efficient  than  one  not  relying  on  statis- 
tical methods. 

Finally,  on  the  basis  of  these  reports, 
action  should  be  taken  when  needed  and  only 
when  needed,   so  that  the  consumer  or  the 
customer  specifications  can  be  met. 

Now,  to  review  very  briefly  these  points 
one  by  one.    What  test  procedures  do  we  need, 
and  what  is  available?    Although  we  may  often 
ignore  the  importance  of  the  appearance  of  a 
product,  this  parameter  is  perhaps  the  most 
important.    Generally  speaking,  there  is  in- 
strumentation available  to  test  just  about  any 
kind  of  an  appearance  quality  attribute,   such 
as  color,  finish,  size,   shape,  or  visual  de- 
fects. 

Once  the  appearance  factors  of  quality  are 
overcome,  that  is,  the  consumer  has  made  his 
first  purchase,   maybe  the  last,  if  other  para- 
meters are  not  satisfied,  he  next  looks  to 
what  we  generally  call  textural  characteris- 
tics,  such  as  tenderness,  firmness,  fibrous- 
ness,   succulence,   mealiness,  and  others. 
Here  also  the  instrumentation  is  available  so 
that  the  evaluations  can  be  made  objectively. 
I  might  point  to  one  relatively  recent  develop- 
ment in  this  area.     Textural  measurements 
are  generally  those  in  which  force  is  applied 


to  a  product,  and  the  more  force  that  is  re- 
quired,  the  harder  or  the  more  fibrous,   the 
grainier,   and  so  forth,   the  product  is.     If 
instrumentation  is  utilized  in  which  force 
is  charted,  we  find  that  attention  should  be 
paid  in  many  instances  not  only  to  the  peak 
forces  required,  but  also  to  the  nature  of 
the  curve  that  is  obtained. 

For  example,  in  studying  the  effect  of 
calcium  salts  on  firmness  and  wholeness  of 
canned  sweetpotatoes,  by  the  use  of  a  re- 
cording shear -press  the  peak  of  force  ob- 
tained is  approximately  the  same  for  the 
sweetpotato  which  had  been  firmed  up  on 
the  surface  with  calcium  salts  and  the  one 
that  hadn't.     However,  when  we  examine  the 
curve,  the  potato  that  had  been  firmed  up 
will  invariably  consist  of  a  very  sharp  rise 
followed  by  a  gradual  descent  from  the  initial 
sharp  peak.     The  curve  for  the  sweetpotato 
that  had  not  been  firmed  up  with  calcium 
salts  will  rise  to  about  the  same  height,  but 
the  slope  of  the  ascending  curve  will  be 
gradual,  and  the  angle  will  be  less  steep 
though  ultimately  reaching  about  the  same 
peak  height.     The  slope  of  the  descending 
curve  for  the  untreated  potato,  on  the  other 
hand,  is  invariably  precipitous.     In  this  in- 
stance, therefore,  the  shape  of  the  curve 
gives  us  the  information  we  are  looking  for 
rather  than  the  peak  value  obtained. 

Once  we  have  overcome  the  problems  of 
appearance  and  texture,  we  encounter  the 
problems  of  flavor.    I  am  not  going  to  re- 
peat what  Dr.   Theimer  has  already  covered, 
but  I  would  like  to  comment  on  one  specific 
flavor  measurement  problem  on  which  we 
are  actively  working  now.     This  is  the  utili- 
zation of  gas  chromatography  and  other  in- 
struments providing  a  wealth  of  discreet 
data  in  attempting  to  develop  an  objective 
means  of  measuring  flavor  quality.    In  addi- 
tion to  the  number  of  instruments  that  Dr. 
Theimer  had  mentioned,  I  would  like  to 
suggest  one  more,  and  that  is  the  computer. 

It  seems  to  me  that  a  great  deal  of  work 
has  been  done  with  gas  chromatographic 
equipment  with  little  meaningful  results  in 
terms  of  flavor  preference.    A  gas  chroma- 
tographic analysis  is  made,  a  multiple 
number  of  peaks,   maybe  20,   maybe  30,   may- 
be 100  or  more  are  developed  on  a  chart, 
and  then  elaborate  procedures  are  undertaken 
to  identify  each  peak.     Then  it  is  usually 
found  that  the  height  of  a  particular  peak 
bears  no  relation  to  its  importance  in 
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determining  the  flavor  characteristics  of  the 
particular  product.     That  is  occasionally, 
maybe  frequently,  about  as  far  as  the  investi- 
gation proceeds.    Perhaps  some  substances 
are  identified  which  were  not  previously 
known  to  be  present,  but  a  characterization 
or  evaluation  of  the  flavor  of  the  product  is 
not  achieved. 

What  I  am  suggesting  is  that  before  going 
ahead  with  prolonged  and  expensive  proce- 
dures for  identifying  every  one  of  these  20, 
30,  or  100  peaks,  that  first  a  statistical  pro- 
cedure be  employed  to  determine  which  peak 
or  combination  of  peaks  has  a  significant 
effect  on  flavor  response.     This  procedure 
is  called  stepwise  multiple  regression  and 
can  be  handled  very  handily  on  a  computer, 
but  cannot  be  done  with  a  desk  calculator  if 
there  are  anything  like  50  or  100  equations 
to  solve. 

By  the  use  of  this  procedure,  then,  you 
can  determine  exactly  which  peaks  have  any 
significance  in  relation  to  the  flavor  percep- 
tion of  that  product  by  referring  each  of 
these  peaks  in  turn  to  taste  panel  data  on 
the  same  samples. 

We  have  done  this  kind  of  work  with 
green  beans  and  found  that  of  something  like 
36  peaks  that  we  isolated,   13  had  a  statistic- 
ally significant  relationship  to  flavor  percep- 
tion of  the  beans  as  indicated  by  taste  panels. 
We  were  able  then  at  this  point  to  discard 
the  others.    We  didn't  need  to  go  ahead  and 
attempt  to  identify  the  substances  represent- 
ed by  the  discarded  peaks.    We  had  statistic- 
al certainty  then  that  the  other  peaks  had 
little  or  no  relation  to  flavor. 


taste  panel  scores  for  flavor  preference  was 
0.  76.     This  means,  then,  that  something 
slightly  better  than  half  (0.  76^  =  0.  58  or  58 
percent)  of  the  flavor  response  was  explained 
on  the  basis  of  these  13  peaks. 

When  we  added  a  test  for  texture  and  a 
test  for  size  to  the  multiple  correlation  in 
addition  to  these  13  peaks,  our  multiple  cor- 
relation coefficient  with  taste  panel  flavor 
response  (not  total  overall  quality)  rose  to 
0.  95,  thus  explaining  about  90  percent  (0.  95^ 
=  0.  90  or  90  percent)  of  the  flavor  responses 
by  the  panel.     This  is  simply  repeating  what 
Dr.   Theimer  had  said,  that  we  cannot,  if  we 
are  going  to  use  the  human  as  the  criterion 
of  flavor  response,  limit  flavor  strictly  to 
the  taste  and  odor  perceptors  in  the  tongue 
and  the  nose. 

The  next  item  is  the  sampling.    I  would 
like  to  refer  to  the  first  speaker  on  the  panel, 
Dr.   Lutz.    I  don't  know  whether  he  did  this 
as  a  Freudian  slip  or  not,  but  if  you  recall 
he  had  indicated  something  about  the  testing 
or  evaluation  of  raw  material,  and  then  he 
added  the  words  "for  processing.  "    I  think 
this  is  our  general  thinking,  and  this  is  the 
general  status  of  the  industry. 

We  have  gone  a  long  way  in  developing 
methods  for  testing,  sampling,  and  whole 
system  of  quality  control  for  processing. 
We  have  neglected  almost  entirely  the 
materials  that  are  purchased  in  the  raw 
state.     Yet  there  is  just  as  great  a  need  for 
a  quality  control  system  in  the  production  of 
crops  as  there  is  for  processed  products.  I 
am  simply  pointing  this  out  without  elabora- 
tion because  of  the  lack  of  time. 


Another  point  relative  to  flavor  quality, 
and  Dr.   Theimer  had  mentioned  it,  too,  is 
what  is  flavor  really?    Is  it  entirely  dis- 
associated from  these  other  factors  of  quality 
such  as  texture  and  appearance  that  I  have 
mentioned  previously? 

From  these  studies  we  reluctantly  must 
state  that  it  is  not.    It  is  impossible,  if  we 
are  going  to  have  humans  as  the  ultimate 
criteria  of  flavor  quality,  to  disassociate 
odor  and  taste  responses  as  determined  by 
a  patch  in  the  nose  and  taste  buds  on  the 
tongue  from  other  responses.    Now,  going 
back  then  to  the  same  bean  example,   13  of 
these  peaks  had  some  significant  relation- 
ship to  flavor  response.    Our  multiple  cor- 
relation coefficient  between  these  peaks  and 


In-plant  quality  control  is  definitely  on 
the  increase.     The  usual  point  at  which  a 
quality  system  is  introduced  in  the  plant  is 
in  weight  control  and  the  use  of  control 
charts. 

I  would  like  to  point  out  at  this  time  that 
there  is  rapidly  increasing  interest  in  using 
a  relatively  new  procedure  called  EVOP 
(evolutionary  operations)  for  in-plant  con- 
trol, where  the  philosophy  is  complementary 
to  the  philosophy  behind  the  statistical  quality 
control  chart. 

Finally,  I  would  like  to  repeat  my  sug- 
gestion that  in  the  growing  of  the  product, 
not  only  in  the  marketing  and  processing  of 
the  product,  there  is  need  for  exactly  the 
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same  kind  of  quality  control  systems  as  are 
now  limited  to  in-plant  use. 

Here  there  is  a  tremendous  amount  of 
work  to  be  done.    After  all,  the  production 
of  an  agricultural  crop  from  an  industrial 
engineering  standpoint  is  not  so  different 
from  the  processing  of  the  crop  after  it  is 
in  the  manufacturing  plant.   The  raw  ingredi- 
ents are  different  and  the  product  that  comes 


out  is  different,  otherwise  the  system  is  the 
same. 

In  a  similar  manner  a  quality  control  sys- 
tem designed  for  the  preparation  of  processed 
products  for  consumption  may  be  employed.  In 
this  instance  the  raw  ingredients  maybe  pro- 
cessed or  fresh,  and  the  control  system  would 
regulate  the  quality  of  the  raw  materials  and  their 
preparation  as  meals  for  the  ultimate  consumer. 


WHAT  CONSUMERS  WANT 

by 

H.  G.  Hamilton 

Florida  Agricultural  Experiment  Station 

Gainesville,  Florida 


Consumers  vary  in  their  wants.    Any 
casual  observer  realizes  this.    However,  the 
reason  that  consumers  vary  in  their  wants  is 
not  so  readily  understood. 

In  general,  income,  race,  religion,  edu- 
cation, cUmate,  occupation,  and  the  degree 
consumers  are  exposed  to  promotions  are  be- 
lieved to  be  reasons  for  variation  in  economic 
wants.    Because  the  time  allotted  for  this  dis- 
cussion is  so  short,  we  shall  confine  our  re- 
marks primarily  to  the  effect  of  income  on 
economic  wants. 

In  countries  of  people  with  low  income 
the  products  that  are  in  greatest  demand  are 
those  products  that  yield  the  most  calories 
for  an  hour  of  labor.     For  any  particular 
product  the  grade  of  the  product  is  not  im- 
portant.    People  with  low  income  will  pay 
almost  as  much  for  grade  3  oranges  or 
potatoes  as  they  will  for  grade  1  oranges 
or  potatoes. 

People  of  an  affluent  society  as  con- 
trasted to  a  low-income  society  are  more 
concerned  with  quality  than  calories.    As 
incomes  shift  from  low  to  high,  demand 
shifts  from  low  quality  product  to  high  quali- 
ty product,  and  from  low  grades  to  high 
grades.     (The  terms  "high  quality"  and  "low 
quality"  as  used  here  have  reference  to 
economic  quality  and  not  to  wholesomeness 
or  nutritive  value).    A  good  example  of  prod- 
uct shifts  in  demand  is  the  shift  that  has 
taken  place  for  pork  and  beef  over  the  past 
30  to  40  years.     Pork  is  considered  a  lower 
quality  product  than  beef.    Using  uniform 
dollars,  from  1925  to  1941  when  beef  prices 
averaged  70  cents  per  pound,  per  capita 


consumption  averaged  52  pounds.     But  from 
1947  to  1956,  a  period  in  which  real  per  capita 
incomes  were  much  higher  than  the  1925  - 
1941  period,  when  the  price  averaged  70 
cents  per  pound  per  capita,  consumption 
was  64  pounds.     This  was  an  increase  of  23 
percent.    In  the  case  of  pork,  from  1932  to 
1952  when  the  price  was  60  cents  per  pound, 
per  capita  consumption  was  58  pounds.   But 
from  1953  to  1956,  when  per  capita  income 
was  much  higher  and  the  price  of  pork  was 
60  cents,  per  capita  consumption  was  53 
pounds,  or  a  decrease  of  12  percent.    In 
1964  all  cuts  of  beef  (in  terms  of  1947-1949 
dollars)  averaged  about  70  cents  per  pound, 
and  per  capita  consumption  was  about  100 
pounds.    At  the  same  price,  consumption  in 
1964  was  almost  double  what  it  was  in  the 
low  income  period  of  1925-1941. 

In  1949  per  capita  disposable  incomes 
(in  terms  of  1964  consumer  dollars)  was 
about  $1,  772.    In  1964  per  capita  disposable 
income  was  $2,  248.     This  was  an  increase 
of  27  percent,  but  consumption  of  beef  in- 
creased about  63  percent.    A  good  example 
of  grade  shifts  of  a  product  is  that  of  round 
steak  and  hamburger.    In  1949  the  price  of 
round  steak  was  75  cents  per  pound  and  ham- 
burger was  51  cents  per  pound.    Steak  was 
about  47  percent  higher  than  hamburger.   But 
in  1964,  round  steak  was  93  cents  and  ham- 
burger 52  cents  per  pound,  or  steak  was  79 
percent  higher  than  hamburger.    Merchants 
in  a  low -income  area  tend  to  stock  products 
of  low  economic  quality,  and  merchants  in 
high-income  areas  tend  to  stock  products  of 
high  quality.    Often,  however,  as  in  the  case 
of  beef  carcasses,  you  have  to  take  low- 
quality   product   along   with   high-quality 
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product.    When  this  is  necessary,  balance 
pricing  is  practiced. 

Balance  pricing  is  simply  putting  a 
price  on  the  various  cuts  of  beef  that  will 
move  all  cuts  uniformly.    In  stores  where 
people  with  low  income  shop,  the  price 
margin  between  low  quality  and  high-quality 
cuts  is  quite  small,  but  in  stores  having 
shoppers  with  high  income,  the  margin  be- 
tween high  and  low  cuts  is  quite  large- -often 
twice  as  great  in  high-income  stores  as  low- 
income  stores. 

Dependable  Quality 

If  any  of  you  purchased  groceries  40 
years  ago,  you  know  how  much  you  depend 
on  the  clerk  to  guide  or  advise  you  in  your 
purchases.    Under  today's  shopping  condi- 
tions the  consumer  never  comes  in  contact 
with  an  employee  of  the  store  until  she  gets 
to  the  check-out  girl,  and  at  this  time  she 
has  already  made  her  purchases.     The  only 
guide  consumers  have  today  in  making  their 
purchases  is  appearance  of  the  product,  the 
brand,  the  price,  and  advertisements.    In 
the  case  of  fresh  products,  the  decision  is 
almost  entirely  on  appearance  and  price.  In 
the  case  of  processed  or  packaged  products, 
the  decision  is  almost  entirely  on  brand  and 
price.     Brands  are  very  important  to  con- 
sumers.   A  study  of  consumer  purchasing 
practices  in  Colonial  stores  was  made  in 
1962.     The  study  reveals  that  80  percent  of 
the  customers  purchase  the  same  brands  of 
foods  today  that  they  purchased  yesterday. 
Different  brands  were  purchased  in  the  other 
20  percent  of  the  cases  because  of  special 
displays,  advertisements,  price  reductions, 
or  on  recommendations  of  a  friend. 

Demand  for  Services 

Consumers  in  an  affluent  society  want 
many  high-quality  services.     They  must  have 
convenient  parking,  air-conditioned  and  clean 
stores,  and  courteous  treatment.    But  more 
than  this,  they  want  the  work  load  in  the 
kitchen  reduced.     The  housewife  of  the  first 
two  decades  of  this  century  purchased  her 
poultry  live,  she  did  the  picking  and  dress- 
ing in  the  home.     But  no  housewife  today  will 
dress  a  chicken.    On  the  average,   Colonial 
stores  stocked  5,854  items  per  store.  Among 
all  of  these  items  not  a  live  fowl  was  found. 
Should  you  take  away  the  built-in  maid  serv- 
ice of  chickens  prepared  for  the  pan  and  re- 
place them  with  live  birds,  the  sales  of 


poultry  would  be  reduced  almost  to  zero. 
Housewives'  demands  for  ready-mixed  cakes, 
rolls,  waffles,  salads,  and  TV  dinners  are 
all  evidence  of  the  great  demand  for  more 
services;  ready  for  the  oven  or  the  table  is 
what  is  wanted  and  is  what  consumers  are 
willing  to  pay  for.     Twenty  years  ago  the 
average  housewife  spent  about  3-1/2  hours 
per  day  preparing  meals--today  she  spends 
about  an  hour.    If  the  housewife  performed 
the  services  that  are  performed  in  the 
channels  of  trade,  she  would  receive  about 
35  cents  per  hour  for  her  labor.     Today 
about  16  percent  of  all  meals  are  served  out 
of  the  home.    In  a  short  time  this  may  reach 
25  or  30  percent.     This  trend  of  eating  out 
is  another  evidence  that  people  want  more 
and  more  service.     Brands  and  built-in 
maid  service  are  important  to  the  housewife 
for  food  served  in  the  home,  but  when  the 
housewife  takes  the  family  out  for  a  meal, 
she  has  no  opportunity  to  shop  by  brands. 
She  passes  the  responsibility  of  good  food 
on  to  the  institution  buyer.     She  eats  at 
those  restaurants  that  give  her  good  food, 
and  brands  or  built-in  maid  service  never 
enter  her  mind. 

Food  shoppers  for  institutions,  unlike 
the  housewife,  pay  but  little  attention  to 
brands.     These  buyers  are  skilled  both  as 
to  price  and  quality.    Institution  buyers  are 
concerned  with  quality  to  be  sure,  but  con- 
tinuous and  dependable  supplies  are  per- 
haps of  greater  importance  to  them. 

The  Nature  of  Demand 

Demand  is  a  very  complex  subject.  Most 
lay  people  confuse  "preference"  with  demand. 
Preference  has  no  price  tag  attached  to  it. 
"Demand"  always  has  a  price  tag.     Most  any 
one  prefers  a  Lincoln  car  to  a  Ford  car,  but 
the  demand  is  much  greater  for  Ford  cars 
than  Lincolns.     Most  consumers  would  be 
hard  pressed  to  determine  whether  the  de- 
mand for  oranges  is  greater  this  year  than 
it  was  last  year.     They  are  also  at  a  com- 
plete loss  in  understanding  that  the  price  of 
some  commodities  are  more  sensitive  to 
supply  changes  than  other  commodities.  An 
understanding  of  the  sensitiveness  of  price 
to  supply  changes  is  one  of  the  most  import- 
ant problems  in  the  entire  marketing  pro- 
cess.    The  changes  in  price  resulting  from 
changes  in  supply  is  of  great  importance  to 
the  food  handler.     For  some  commodities, 
prices  change  very  little  when  supply  in- 
creases or  decreases.    Most  food  products 
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have  an  inelastic  demand;  that  is,  a  small 
change  in  supply  affects  prices  greatly.    In 
general,  at  the  farm  level  a  change  in  the 
supply  of  oranges  of  5  percent  will  change 
the  price  from  10  to  15  percent.    At  the  re- 
tail level  a  change  in  supply  of  5  percent  will 
change  the  price  from  4  to  6  percent.    Most 
nonfood  items  (not  all)  have  an  elastic  de- 
mand, that  is,  a  change  of  5  percent  in  sup- 
ply affects  the  price  less  than  5  percent. 
People  have  a  way  of  bujdng  an  extra  car  or 
TV  set  with  only  small  changes  in  price,  but 
they  never  eat  a  second  dinner  because  the 
price  is  decreased. 

Because  of  the  differences  in  demand 
elasticities  at  the  farm  level  and  in  the 
channels  of  trade,  we  have  a  conflict  of  in- 
terest between  farmers,  the  producers  of 
food,  and  middlemen  -  the  distributors  of 
food.    A  wise  and  just  grower  in  Florida 
who  wants  to  increase  the  income  from  cit- 
rus, prays  for  a  freeze  that  will  destroy  25 
percent  of  everybody's  fruit.     But  it  would 
be  a  dumb  processor  that  would  pray  for  a 
freeze  which  would  destroy  25  percent  of  the 
crop.     The  grower's  income  is  increased  by 
a  decrease  in  the  crop,  the  processor's  in- 
come is  decreased  by  a  reduction  in  the 
crop.     The  nature  of  demand  is  the  reason 
for  conflict  of  interest  between  producers 
and  marketing  firms.    Marketing  people  who 
become  producers  act  like  producers,  and 
producers  who  engage  in  marketing  act  like 
marketing  people.    It  is  not  a  case  that  one 
is  evil  and  the  other  good,  or  that  one  is 
wise  and  the  other  dumb.    It  is  simply  that 
their  incomes  are  affected  differently  be- 
cause of  the  nature  of  the  demand. 

What  about  the  elasticity  of  demand  for 
service?    The  demand  for  services  is  elastic, 
A  consumer  will  buy  more  and  more  services 
when  these  services  can  be  purchased  at  a 
lower  price  than  she  can  perform  them  her- 
self.    You  cannot  induce  affluent  people  to 
increase  their  aggregate  food  intake.     But 
you  can  induce  them  to  use  more  services 
in  the  aggregate.    In  the  channels  of  trade  a 
chicken  can  be  dressed  in  about  2  minutes  - 
in  the  home  it  takes  30  minutes.     Because 
technology  can  take  place  faster  in  the 
channels  of  trade  than  in  the  home,  we  can 
expect  to  continue  to  perform  more  services. 
In  general,  the  more  services  performed  the 
wider  the  spread  between  what  consumers 
pay  and  what  farmers  get. 


The  reason  that  eating  out  is  becoming 
so  popular  is  that  institutions  are  performing 
the  services  of  preparing  and  serving  meals 
at  a  lower  cost  than  the  housewife  can.     Par- 
ticularly this  is  true  if  the  housewife  works 
outside  the  home.     Most  food  institutions  buy 
from  purveyors,  and  purveyors  prices  are 
lower  than  retail  food  prices.     There  is  prob- 
ably less  waste  in  institutions  than  in  homes. 
Furthermore,  restaurants  are  quite  adept  at 
increasing  services.     This  is  done  by  using 
different  kinds  of  furniture,  china,  and 
silverware.     Services  are  increased  still 
further  when  music  and  other  forms  of  en- 
tertainment are  furnished  with  the  meal. 

In  summary,  demand  is  never  static-- 
it  shifts  from  product  to  product  and  from 
grade  to  grade.     The  trend  in  demand  is  a 
shifting  from  the  low-priced  product  to  the 
high-priced  product,  and  from  the  low-  or 
medium-grade  product  to  the  high-grade 
product.     The  trend  is  for  more  and  more 
services.     The  most  cherished  want  of  the 
consumer  is  a  brand  that  tells  her  at  a 
glance  all  the  qualities  of  the  product,  es- 
pecially the  good  qualities  of  it.    Because 
of  differences  in  cost,  the  future  homes  are 
going  to  be  hard  pressed  to  compete  with  in- 
stitutions in  feeding  the  family. 

DISCUSSION 


V.  H.  McFarlane:    I  hope  the  members  of 
the  panel  are  prepared  to  answer  the  ques- 
tions which  members  of  the  audience  bring 
to  their  attention.     This  session  is  now  open 
for  questions.     Please  address  your  ques- 
tions directly  to  the  member  or  members  of 
the  panel.    We  are  ready  for  questions.  Who 
will  ask  question  number  1  ? 

Question:    This  is  to  Dr.  Kramer.    I'd  like 
to  ask  about  the  gas  chromatography,  the 
high  peaks.     You  had  an  Elberta  peach.    How 
do  you  go  about  identifying  that  particular 
product?    Is  it  ester  or  something  else,  or 
what  is  it? 

A.  Kramer:    I  believe  Dr.  Theimer went  into 
that  more  than  I  did  as  to  the  identification  of 
it  as  such.    What  I  tried  to  point  out  was  that 
the  size  of  the  peak  isn't  necessarily  at  all 
related  with  its  importance  in  the  flavor  of 
that  particular  product. 

You  may  have  a  very  high  peak  on  a  gas 
chromatogram  and  it  has  absolutely  no  value 


113 


as  far  as  the  flavor  perception  of  that  prod- 
uct is  concerned.    Before  you  go  to  the  very 
difficult  and  arduous  task  of  attempting  to 
identify  all  of  these  peaks  that  you  get,  I 
suggest  that  you  go  tlxrough  a  statistical  pro- 
cedure which  will  select  for  you  only  those 
that  have  some  significance  in  relation  to 
the  flavor.     From  here  on  I  think  I'd  better 
turn  to  Dr.   Theimer. 

E.   Theimer:    If  I  understand  your  question, 
suppose  we  decide  that  we  want  to  know  what 
a  particular  component  is.     The  question  is, 
how  do  we  go  about  establishing  this,  is  that 
correct? 

Questioner:    That  is  right. 

E.   Theimer:    Well,  the  first  thing  we  do  is 
to  put  the  entire  mixture  through  a  fairly 
good  GLC  unit,  which  will  separate  out  the 
particular  component,  together  with  a  small 
amount  of  garbage  on  either  side  so  that,  in- 
stead of  having  the  component  at  a  2  percent 
concentration,  we  have  enriched  it  to  maybe 
60  or  70  percent. 

This  can  be  done  doubly  by  trapping 
twice  to  get  the  concentration  up  somewhat 
higher.     You  will  in  no  case  get  it  purer  by 
trapping  it  out  on  any  one  particular  column, 
because  there  will  always  be  other  things 
which  elute  so  close  to  it  that  you  can  reach 
a  certain  maximum  and  that  is  about  aU  you 
can  do. 


separated,  has  a  good  odor,  that  you  have  a 
valuable  component,  because,  the  nose  being 
so  sensitive,  the  odor  still  may  be  due  en- 
tirely to  a  tenth  of  a  percent  of  something 
else  that  came  along  with  the  main  compon- 
ent. 

If  you  really  want  to  know  what  you  have 
chemically,  you  can  take  the  material,  assum- 
ing you  have  at  least  a  microgram,  and  do  a 
lot  of  things  with  it.    If  it  is  a  known  material, 
you  can  identify  it  readily  by  the  following 
technique. 

Note  the  exact  elution  time  on  polar  and 
nonpolar  columns,  and  classify  it  according 
to  a  known  series  of  tables  for  esters  or 
acids  or  ketones  or  what  have  you.    It  is  very 
unlikely  that  there  will  be  any  known  com- 
pound with  the  same  elution  characteristics 
or  retention  times  on  both  columns  which  will 
not  be  the  same  material. 

Furthermore,  you  can  confirm  this 
identification  by  various  specb^a  techniques, 
including  infrared  and  ultraviolet  examination 
and  mass  spectrometric  determination  on 
less  than  a  microgram  of  material.     You  can 
get  the  material  back  from  the  first  two  tech- 
niques, but  not  from  the  mass  spectrometric 
technique. 

If  you  are  still  in  doubt  and  you  have  a 
milligram  more,  you  can  do  an  NMR.     Often 
that  will  give  you  the  exact  structure. 


The  next  step  is  to  make  a  further  separ- 
ation by  putting  the  enriched  matter  through 
another  column  of  a  different  character.    If 
you  made  your  first  separation  on  a  nonpolar 
column--some  sort  of  substrate  which  does 
not  differentiate  too  much  between  functional 
groups,  but  on  the  other  hand  does  separate 
according  to  boiling  point  or  vapor  pressure-- 
you  have  probably,  if  this  happens  to  be  an 
ester  for  example,  achieved  a  mixture  con- 
taining no  other  esters.    It  may,  however, 
be  mixed  with  hydrocarbons,  ketones,  and 
other  compounds  of  different  functionality. 

The  next  step  is  to  put  it  through  a  polar 
column,   such  as  polypropylene  glycol,  in 
which  the  separation  is  based  more  on  func- 
tionality of  the  components.     You  should  ob- 
tain a  product  which  will  be  about  95  or  96 
percent  pure. 

This  does  not  mean  simply  because  this 
particular  material,  which  you  now  have 


Question:     There  seems  to  be  an  interesting 
difference  of  opinion  between  Dr.   Theimer 
and  Dr.  Kramer  on  whether  or  not  certain 
heights  or  cell  components  of  a  flavor  as 
contrasted  with  aroma,  as  to  whether  certain 
components  of  a  flavor  can  be  eliminated  by 
some  test,  whether  it  is  judged  statistically 
or  some  other  way. 

I  believe  Dr.   Theimer  said  there  was  no 
possibility  of  eliminating,  of  easily  eliminat- 
ing the  effects  of  pure  components,  because 
they  are  able  to  contribute  below  their 
threshold  values,  and  furthermore,  there  are 
numerous  cases  of  synergism. 

I  don't  see  what  opportunities  this  leaves 
for  any  treatment  whatsoever,  whether  used 
statistically  or  in  any  other  means  of  ignor- 
ing any  of  the  components  or  ignoring  very 
many  of  them. 

A.  Kramer:  1  don't  know  that  there  was  any 
conflict  there,     I  thought  that  Dr.   Theimer 
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was  prepared  to  accept  my  suggestion.    In 
any  event,  perhaps  I  ought  to  go  a  little 
further  into  the  particular  statistical  pro- 
cedure involved,  and  this  is  a  stepwise  mul- 
tiple regression  analysis  where  each  com- 
ponent is  correlated  with  the  panel-flavor 
evaluation  individually  as  a  partial  regres- 
sion with  the  flavor  response  of  the  taste 
panel.    We  are  assuming  in  this  case  that 
the  taste  panels  are  really  measuring  flavor 
as  they  are  supposed  to  measure  it.     By  this 
procedure,   every  one  of  the  components  is 
looked  at  individually  for  its  independent  con- 
tribution to  flavor,  and  in  every  possible  com- 
bination with  every  other  peak  that  is  there. 
We  then  end  up  with  a  multiple  regression 
equation,  indicating  just  what  is  the  effect  of 
each  of  these  components  and  all  of  them  to- 
gether on  the  flavor. 

From  a  statistical  point  at  least,  I  don't 
see  how  the  procedure  can  miss  in  selecting 
the  significant  components  and  assigning  an 
appropriate  weight  to  each.    A  high-speed 
computer  will  do  a  fairly  involved  problem 
in  a  manner  of  minutes,  which  would  be 
really  absolutely  impossible  to  do  any  other 
way. 

Question:     You  mean  you  need  a  high-speed 
taste  panel  too  then? 

A.  Kramer:    No,  the  taste  panel  actually 
tastes  the  samples,  the  samples  which  the 
gas  chromatogram  analyzes.    In  neither  case 
is  the  analysis  nor  the  values  that  are  ob- 
tained very  time  consuming.    Really,  the 
time  consuming  part  is  attempting  to  get 
these  relationships. 

You  can  develop  a  team,  working  on  a 
particular  product,  that  can  develop  informa- 
tion in  a  matter  of  say  a  few  months  of  man- 
days.     Then,  by  the  use  of  a  computer,  in  a 
matter  of  minutes  you  can  get  an  analysis. 

If  you  do  not  have  a  computer,  it  would 
take  a  matter  of  many,  many  years  of  man- 
days  to  get  this  analysis  done. 

E.   Theimer:    I  would  like  to  comment  on  this 
because  I  confess,  I,  myself,  also  puzzled 
as  to  how  you  can  get  enough  valid  informa- 
tion.   It  is  true,  of  course,  that  the  materi- 
als which  you  work  with  first  in  considering 
making  a  flavor  are  those  which  have  odor, 
but  it  has  been  quite  definitely  established 
that  other  materials,  as  I  mentioned  before, 
which  don't  seem  to  have  any  flavor  or  odor 


characteristics  still  affect  the  preference. 
If  you  leave  them  out,  the  composition  is  not 
as  good  as  if  you  had  put  them  in.    I  did  not 
understand  how  Dr.   Kramer  managed  to  sep- 
arate all  the  components  of  the  mixture  in  the 
first  place  in  amounts  sufficient  to  evaluate 
separately.     This  has  always  been  a  big  prob- 
lem with  us.    We  don't  know  how  to  get  them 
out  pure  and  in  quantity.     Secondly,  the  high 
degree  of  subjectivity  of  the  taste  panel  was 
also  something  that  threw  us.    We  might  do 
a  hundred  evaluations  and  find  finally  that  A 
is  better  than  B  and  B  is  better  than  C  and  C 
is  better  than  A.    We  didn't  know  what  to  do 
with  that  evaluation. 

There  is  a  great  value  in  the  use  of  a 
computer  if  you  have  the  hard  facts  to  put 
into  it.    I  must  say  that  I  don't  myself  know 
yet  how  we  can  do  this  efficiently  in  the  case 
of  a  complicated  mixture. 

A,  Kramer:    All  I  can  say  to  that  is  to  repeat 
that  the  statistical  procedure  is  at  least  avail- 
able.   We  don't  have  the  time  or  the  oppor- 
tunity to  get  into  it  at  this  time.     The  name 
of  the  statistical  procedure  is  Stepwise  Mul- 
tiple Regression.    And  this  then,  those  of 
you  who  are  familiar  with  things  like  inter- 
actions will  recognize  the  fact  that  what  we 
are  talking  about  is  an  interaction  effect, 
where  several  of  these  products  are  involved. 

We  don't  need  to  isolate  a  material  and  to 
test  it  separately.    We  simply  pick  off  the 
data  from  the  mass,  we  will  call  it  mass  if 
you  wish.     Spectrogram,  chromatogram, 
profile,  overall-flavor  would  be  more  cor- 
rect, and  assume  for  the  time  at  least  that 
we  are  getting  reproducible  results  with  the 
equipment,   so  that  each  peak  does  come  in 
the  same  place  on  the  chart.     For  example, 
if  it  is  there  at  all,  and  at  the  same  height, 
it  is  there  in  the  same  concentration. 

The  taste  panel  should  also  be  sufficient- 
ly accurate  so  it  does  give  us  similar  re- 
sponses to  similar  samples. 

Question:    I'd  like  to  direct  my  question  to 
Professor  Hamilton.    Recently,  at  National 
Dairy,  we  have  been  told  that  the  consuming 
housewife  has  been  told  that  the  present  cost 
of  food  is  18-1/2  cents  of  the  consumer's 
dollar,  and  that  this  is  the  lowest  in  the 
history  of  the  United  States  and  also  one  of 
the  lowest  in  the  world. 

This  reduction  has  been  accomplished 
along  with  supplying  convenience  foods. 
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Now,  it  is  to  be  expected  that  convenience 
foods  will  increase  in  popularity. 

Do  you  see  that  the  food  manufacturer 
will  be  able  to  obtain  more  than  18-1/2  per- 
cent of  the  consumer's  dollar  by  supplying 
even  more  convenience  foods? 

H.   G.  Hamilton:    Is  your  question  that  the  19 
percent  of  the  consumer's  food  dollar  goes  for 
food?    Or  is  it  that  the  manufacturer  or  pro- 
ducer gets  19  percent? 

Questioner:    We  are  told  that  by  the  grocery 
manufacturers'  association,  quoting  Secre- 
tary Freeman, 

H.  G.  Hamilton:  That  the  manufacturer  gets 
only  19  percent? 

Questioner:  Supposedly,  based  upon  surveys 
conducted  by  the  United  States  Department  of 
Agriculture  Home  Economics. 

V.  H.  McFarlane:  You  are  saying  that  the 
consumer  pays  iy-1/2  to  19  cents  of  every 
dollar,  and  assuming  that  the  manufacturer 
gets  all  of  this? 

H.  G.  Hamilton:    No,  no.    No,  this  is  the 
percent  of  the  housewife's  income  that  is 
spent  for  food. 

The  manufacturer,  the  transportation 
company,  and  the  distributor,  get  about  62 
percent  of  the  consumer's  dollar  spent  for 
food.     The  farmer  gets  about  38  percent  of 
the  consumer's  dollar. 

Questioner:    Presumably  if  instead  of  the  19 
percent  of  the  consumer's  dollar,   she  was 
willing  to  spend  25  percent,  it  would  be  more 
for  the  manufacturer  and  distributor? 

H.  G.  Hamilton:    Well,  of  course  she  isn't 
going  to  spend  any  more  than  she  has  to. 
I  think  the  manufacturer  and  distributor  are 
going  to  give  her  better  bargains  in  days  to 
come,  and  she  will  be  only  spending  12  or  15 
percent  of  her  income  for  food.    In  addition 
to  a  lower  percent  of  her  income  going  for 
food  she  will  receive  more  services. 

I  don't  think  you  have  reached  the  satura- 
tion point  by  any  stretch  of  the  imagination  for 
additional  services,    I  think  we  are  confusing 
the  expenditures  for  a  given  service  with  the 
expenditures  for  all  services.     Processors 
are  likely  to  receive  less  income  in  the  future 


for  performing  a  single  service  than  they  do 
today  but  in  the  future  they  may  perform 
more  services  and  increase  their  total  in- 
come.    Serving  food  in  restaurants  is  in- 
creasing the  services  rendered  to  consum- 
ers.   It  is  now  estimated  that  between  20 
percent  and  25  percent  of  the  meals  are 
served  outside  the  home. 

Question:    1  have  a  question  for  Dr.  Kramer 
on  this  process.    Would  it  be  possible  where 
we  are  dealing  with  small  canners  that  may- 
be have  only  one  man,  this  man  maybe  has 
his  master's  degree  but  never  had  a  statis- 
tics course  in  his  life--can  we  train  this 
man  to  use  the  process  without  too  much 
effort?    I'd  like  to  hear  your  comment. 

A,  Kramer:    I  would  say  that  by  definition 
a  statistical  quality  control  procedure  must 
be  a  simple  and  easily  applied  one,  other- 
wise it  is  no  longer  a  statistical  quality  con- 
trol procedure,  it  is  a  research  and  develop- 
ment procedure. 

The  EVOP  procedure  that  I  had  referred 
to  can  be  handled  in  a  relatively  simple  man- 
ner.   It  just  so  happens  that  I  have  a  paper  in 
Food  Technology  (Sept.   1965-(1377)  71)) 
rather  recently  describing  it,  and  I  think  in 
very  simple  terms,   so  that  EVOP  can  be 
applied  certainly  by  someone  with  a  master's 
degree.    In  fact,  I  think  it  can  be  applied  by, 
I'd  say,  the  average  plant  superintendent  who 
may  not  even  have  a  bachelor's  degree. 

The  statistics  of  it  are  easy.     The  appli- 
cation generally  is  one  of  looking  for  continu- 
ously, and  in  an  evolutionary  manner,  find 
the  best  possible  process  under  regular  manu- 
facturing conditions- -that  is  the  philosophy 
behind  it- -as  compared  to  the  control  chart 
approach  which  involves  maintaining  a  parti- 
cular process  that  has  previously  been  found 
to  be  the  proper  one.     That  is  the  difference 
in  philosophy.     The  statistics  for  both  EVOP 
and  control  charts  are  not  difficult. 

Question:    I  have  a  question  for  Dr.   Lutz 
concerning  the  controlled  atmospheric  stor- 
age of  products.    I  am  wondering  if  you 
could  go  into  a  little  more  detail  on  that, 
possibly  discuss  some  of  the  results  obtain- 
ed, in  particular,  if  any  work  has  been  done 
on  the  storage  of  sweetpotatoes? 

J.  M.  Lutz:  Well,  as  you  probably  know, 
most  Mcintosh  apples  are  stored  very  ex- 
tensively in  the  northeast  under  controlled 
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atmosphere  storage.    Here  you  have  a  vari- 
ety that  cannot  be  stored  successfully  at  31° 
and  32°  F.     You  have  to  store  it  at  38°  F.    If 
you  are  storing  at  38°  F, ,   you  are  shortening 
your  storage  life  in  half,  approximately.  Am 
I  answering  your  question? 

Questioner:    I  was  thinking  more  specifically 
of  storing  and  not  so  much  temperature  and 
humidity  control  as  you  mentioned,  as  stor- 
ing under  other  materials  such  as  nitrogen 
and  gases.    Do  you  have  any  results  of  that 
nature? 

J.  M.   Lutz:   What  you  are  doing  is  reducing 
the  oxygen,  letting  the  CO2  build  up,  and  you 
are  slowing  down  the  life  processes  with 
controlled  atmosphere. 

So  in  effect  you  are  getting  a  slowing 
down  of  living  processes,  by  controlling  the 
atmosphere,  the  same  as  you  would  have  had 
if  you  had  stored  it  at  a  low  temperature. 

You  have  other  benefits  too.    Jonathan 
apples  are  usually  stored  at  32°  F,  ,  they  will 
take  32°  F.     But  you  have  problems  with 
Jonathan  spot.    With  low  oxygen  and  about 
three  to  five  percent  CO2,  you  control  Jona- 
than spot. 

Delicious  apples  store  pretty  well,  but  a 
few  people  want  to  store  them  just  a  little 
longer,  and  so  by  using  low  oxygen  and  slow- 
ing down  the  rate  of  respiration,  you  can  ex- 
tend their  storage  life. 

All  apples  don't  go  into  CA  storage.  All 
Mcintosh  don't  go  into  CA  storage.    Mcintosh 
can  be  stored  until  perhaps  January  in  air  at 
around  38°  F. ,  but  if  you  want  to  hold  Mcin- 
tosh until  this  time  of  year  (March)  or  later, 
you  need  to  go  into  CA  storage. 

V.  H.  Mc  Far  lane:    Many  of  us  are  interested 
in  the  storage  of  sweetpotatoes.    We'd  particu- 
larly like  to  know  if  there  is  any  work  on  the 
storage  of  sweetpotatoes. 

J.  M.  Lutz:    I  don't  know  of  any.     Lee  Kush- 
man  at  our  Raleigh  station  has  done  some 
work.     Sweetpotatoes  are  not  very  tolerant 
of  CO2  accumulation.    About  nine  or  ten  per- 
cent is  about  all  they  can  stand.     They  are 
not  too  tolerant  to  low  oxygen,  but  I  don't 
know  that  anybody  has  ever  done  any  work 
on  it.    Maybe  somebody  in  this  audience 
knows  something  about  the  CA  of  sweetpota- 
toes. 


Question:    I'd  like  to  ask  a  question  along 
this  line.     Is  anyone  using  chemicals  along 
with  this  storage  to  slow  down  respiration? 
I  know  some  that  can  be  done,  they  are  be- 
ing tried, 

J.  M,   Lutz:    Of  course,  there  are,  as  I  men- 
tioned,  some  chemicals  that  are  used  to  con- 
trol decay.     You  do  have  some  waxes  that  give 
you  a  modified  atmosphere  within  the  fruit 
itself.     But  that  is  not  used  extensively.  Sprout 
inhibitors  are  used  commercially  on  potatoes 
and  onions.    Kinins  have  been  used  experi- 
mentally as  senescence  inhibitors.     Here 
again,   maybe  someone  in  the  audience  knows 
something  that  I  am  not  aware  of. 

Question:     The  mixed  dehydrated  foods  have 
become  more  common  now.     You  particularly 
mentioned  chili,    I  understand  that  there  is  a 
substantial  difference  in  the  stable  moisture 
content  for  retention  of  quality  of  the  several 
ingredients  that  go  into  chili. 

Is  there  anything  done  to  inhibit  moisture 
exchange  between  the  several  components? 

T.  J.  McCaffery:   I  would  say  that  ideally 
you  would  freeze  dry  all  the  components  to- 
gether.    For  example,  in  a  meat  loaf,  you 
could  prepare  all  the  ingredients  and  freeze 
dry  the  total  combination. 

For  certain  other  products  such  as 
chicken  a  la  king,  there  are  ideal  moisture 
levels  for  the  different  ingredients  that  go 
into  the  mix  such  as  the  peas,  the  chicken, 
the  mushrooms,  and  so  forth.     Each  one  has 
a  value  that  is  considered  the  best  for  the 
particular  mix  that  it  is  going  into. 

In  the  case  of  the  chili  con  carne  that  I 
mentioned,  this  is  a  new  item  that  has  only 
recently  gone  beyond  what  is  called  the  pro- 
duction test  for  the  Defense  Supply  Agency, 
In  this  case,  you  use  freeze-dried  meat, 
and  conventionally  dried  beans.     The  mois- 
ture in  the  beans  runs  between  six  and 
eight  percent.     The  meat  is  dried  to  below 
two  percent, 

I   dori't   know   just   how    much   work 
was    done   by  the   Quartermaster    Labora- 
tory  for    the   optimum    moisture    levels 
required   for    each   of   these   ingredients. 
I    do    assume    that   the    right    levels   were 
chosen   for    the   particular    storage   time 
that   they  were    interested   in. 
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Question:    I  have  two  comments  or  two  ques- 
tions,  one  for  Dr.   Hamilton  and  one  for  Dr. 
Kramer. 


percent  of  the  consumer's  dollar,  because 
food  is  going  to  take  a  smaller  percent  of  the 
consumer's  income. 


First  to  Dr.  Hamilton,  at  first  blush  it 
may  be  a  little  disconcerting  to  realize  that 
19  percent  of  the  disposal  income  that  the 
housewife  has  goes  to  food.     Then  you  said 
there  is  a  possibility  that  this  may  go  down 
to  12  percent. 

I  think  a  previous  questioner  was  asking 
what  would  the  net  effect,  as  far  as  income, 
be  on  the  food  processor.    Since  you  pointed 
out  that  the  housewife  will  pay  for  services 
which  would  cost  her  more  to  perform  her- 
self, I  would  imagine  that  her  services  would 
bring  her  a  greater  income,  therefore  her 
disposable  income  would  increase  and  the 
total  amount  of  dollars  going  into  the  food 
processing  industry  would  increase  propor- 
tionately.   Is  this  correct? 

H.  G.  Hamilton:    No,    I  am  not  sure  that  it 
Is^     The  housewife,  of  course,  is  not  going 
to  perform  any  services  that  will  cost  her 
more  to  perform  than  she  can  buy. 

Since  technological  developments  can 
take  place  much  better  in  the  channels  of 
trade  and  in  a  manxifacturing  plant  than  they 
can  in  a  home,  you  will  reduce  this  cost  and 
she  will  have  more  for  nonfood  items.     She 
will  have  recreation  and  many  other  things 
to  use  her  income  on. 

I  have  said  to  my  classes  that  if  we 
double  the  per  capita  income  from  what  it  is 
now,  which  would  put  it  around  $4,  500,  then 
because  the  cost  of  food  would  be  so  small 
as  compared  to  our  income  that  it  would  take 
only  a  slightly  higher  percent  of  our  National 
income  to  give  everybody  free  food  than  it 
now  takes  to  give  everybody  free  education. 

We  are  spending  about  four  or  five  per- 
cent, maybe  six  percent  of  our  income  for 
education.    If  we  doubled  our  per  capita  in- 
come, the  cost  of  our  food  would  run  down 
to  around  six  or  seven  percent  of  our  future 
incomes. 

This  is  the  situation  that  we  are  in.   This 
is  the  reason  why  we  kick  out  the  farmers. 
You  may  have  seen  recently  that  we  need  only 
a  million  farmers.    We  used  to  have  several 
million  farmers.     The  farmer  is  going  to  get 
a  smaller  percent  of  the  consumer's  dollar, 
and  the  processor  is  going  to  get  a  smaller 


This  has  been  brought  about  through 
technological  advancement. 

Question:    If  I  may,  I  have  a  question  for  Dr. 
Kramer.    It  seems  to  me  that  in  this  problem 
of  quality  control,  the  real  problem  is  as  Dr. 
Theimer  pointed  out,  obtaining  valid  objec- 
tive measurements  of  flavor  or  aroma  or 
taste  or  texture. 

But  the  dilemma  is  to  reconcile  these  ob- 
jective measurements  with  an  objective  "sub- 
jective" evaluation.    Dr.   Theimer  pointed  out 
that  in  the  hands  of  the  expert  flavorist  who 
has  the  knowledge  and  the  talent  which  the 
average  consumer  doesn't  have  he  can  syn- 
thesize or  make  a  quality  product, 

I  think  experience  bears  out  that  this 
may  be  an  expensive  way  of  doing  it  unless 
we  can  put  into  practice  the  system  mention- 
ed by  Dr.  Kramer,  because  many  new  prod- 
ucts put  together  by  the  expert  food  technolo- 
gists and  flavorists  that  never  passes  the 
market  test  or  gets  to  a  market  test,   so  I 
think  it  is  worth  some  consideration  if  Dr. 
Kramer  could  point  out  a  little  of  the  proto- 
col by  which  the  samples  statistically  repre- 
sentative of  the  important  peaks- -I  realize 
these  aren't  isolated  ingredients  had  in  each 
peak,  but  this  is  a  food  probably  represent- 
ing peaks  7,  8,  and  9,  and  another  food 
representing  8,   10,  and  11. 

And  by  making  interaction  analysis,  you 
get  a  flavor  judgment  of  the  subjective  panel 
which  you  make  objective  by  your  measure- 
ments. 

Could  you  discuss  this  protocol  a  bit? 

A.  Kramer:    It  is  primarily  a  matter  of  time. 
I  might  say  this,  that  the  suggestion  that  I 
made  previously  may  be  strange  and  peculiar 
for  the  chemist  because  he  just  doesn't  think 
that  way.    He  starts  with  a  known  ingredient 
and  then  adds  another  ingredient  to  it,  and 
sees  how  these  two  in  combination  affect  the 
flavor  response. 

Then  he  may  add  a  third  ingredient  and  sees 
how  each  of  these  three  individually  react  to  the 
flavor  response.  And  then  combinations  of  these 
three,  and  pretty  soon,  they'd  be  in  astronomic- 
al trouble. 
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What  I  had  suggested  statistically  was 
exactly  the  same  thing  except  that  you  start 
backwards- -you  have  samples  of  an  item 
which  has  all  these  flavor  ingredients,  in 
different  combinations  and  at  different  levels 
in  each  sample.     The  same  set  of  samples 
are  submitted  to  the  instruments  and  to  taste 
panels.     The  computer  then  does  the  statis- 
tical analysis  for  you. 

Well,  to  go  back  then  to  the  actual  pro- 
cedure that  we  would  follow.    We  would  be 
looking  at  a  food  product.     This  is  a  com- 
plete food  product.    It  is  not  something  that 
something  has  been  added  to.    We  will  say 
some  beans.    We  prepare  a  series  of 
samples  of  beans.     They  may  be  different 
varieties  of  beans,  and  for  that  reason  they 
may  be  different.    We  may  process  these 
beans  differently.    We  may  hold  them  longer 
or  a  shorter  time  from  the  time  they  were 
harvested  until  the  time  they  were  processed, 
as  Dr.  Lutz  pointed  out.     That  is  a  very  im- 
portant time  where  all  sorts  of  changes  can 
occur  in  flavor  as  well  as  in  other  qualities. 
We  will  prepare  perhaps  several  hundred 
samples  of  this  kind  which  we  assume  will 
pretty  well  cover  the  range  for  the  particular 
variable  of  quality  we  are  concerned  with,  in 
this  case,  flavor  quality. 

Now,  we  will  run  each  of  these  samples 
on  gas  chromatographic  equipment  and  will 
end  up  with  a  number  of  peaks.    We  take 
replicate  samples  and  in  some  instances  we 
can  take  the  same  sample.    In  fact,  if  we 
have  canned  samples,  the  head  space  gas 
analysis  is  usually  adequate,  and  is  a  very 
easy  way  of  doing  it. 

Of  course,   you  still  have  to  control  your 
temperature  and  other  variables  to  get  re- 
producible responses.     Then,  we  will  take 
replicate  samples  or  even  the  same  samples 
if  we  can  and  submit  them  to  a  taste  panel. 
And  here  again  we  are  assuming  that  a  taste 
panel  is  representative  of  the  consumer  at 
large.    We  do  need  to  take  certain  pains  with 
the  taste  panel  to  assure  the  fact  that  we 
don't  have  individuals  there  that  have,  let's 
say,  tastes  tnat  are  peculiar  and  strange  and 
different,  although  statistically  we  can  handle 
that  too.     Then,  we  do  with  the  computer  ex- 
actly the  same  thing  really  that  the  chemist 
does  by  isolating  these  components.     But  we 
haven't  isolated  them,  we  just  take  a  read- 
ing. 


So,  for  example,  in  sample  number  1, 
we  have  a  peak  number  1  occurring  at  a  cer- 
tain height,  and  we  will  take  the  height  of  it 
and  relate  it  to  the  flavor  evaluation  by  the 
panel  on  sample  number  1. 

Then  we  will  take  the  next  sample  and 
look  for  that  same  component  appearing  in 
the  same  location  on  the  chart  and  get  its 
height  (or  the  area  under  the  curve),  and 
relate  it  to  the  panel  evaluation  of  that 
sample,  and  so  on  for  the  hundred  or  200 
or  so  samples  that  we  have.    We  will  run  a 
correlation  coefficient  between  the  values 
on  this  particular  peak  No.   1  and  the  panel 
results.     Now,  we  will  do  this  for  every  one 
of  the  peaks  we  have  numbered  but  not  neces- 
sarily identified.    Some  peaks  may  be  en- 
tirely absent  in  some  samples,   so  that  those 
samples  will  be  recorded  as  having  a  0.  0 
peak  height.    We  will  not  be  necessarily  con- 
cerned with  high  peaks  only.    It  may  be  that 
something  that  adheres  somewhere  as  a  spur 
on  another  peak  may  be  the  thing  we  are 
looking  for  rather  than  the  big  peak  itself. 

After  we  have  made  these  correlation 
coefficients  for  each  one  of  these  30  or  50 
or  a  hundred  peaks  with  the  taste  panel,  then 
we  start  looking  at  them  in  combinations  of 
two. 

And  then  the  machine  tells  us  whether 
the  combination  2  has  improved  the  relation- 
ship statistically  significantly  or  not.    If  not, 
it  will  be  dropped.    If  yes,  it  will  be  retained. 

And  all  the  possible  combinations  of  two 
are  looked  at.    And  then  the  whole  process  is 
repeated  with  combinations  of  three  and  so 
on.    And  then  in  this  way,  if  a  particular 
component  has  not  added  significantly  by  it- 
self or  in  combination  with  any  other  com- 
ponent to  the  total  evaluation  of  the  flavor ,  then 
it  is  dropped,  and  only  then  is  it  dropped. 

Actually  by  looking  at  the  regression 
coefficients,  we  can  get  an  idea  of  the  re- 
lative importance  of  each  of  the  components 
that  are  selected.     There  is  a  great  deal 
more  information  than  this  that  can  be  gotten 
out  of  an  analysis  like  that.    Incidentally, 
programming  this  procedure  for  the  1704 
was  done  at  the  University  of  California. 

Question:     This  is  directed  to  Dr.  Kramer. 
It  seems  to  me  if  you  are  going  to  analyze 
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in  this  manner  that  the  effects  that  you  are 
measuring  here  are  the  additive  effects  and 
not  necessarily  those  brought  about  by  syn- 
ergistic effects. 

I'd  like  for  you  to  comment  on  that. 

A.  Kramer:    I  really  don't  know  how  I  can 
separate  the  two.    If  there  is  a  synergistic 
effect,  I  don't  see  why  it  should  not  appear 
as  a  significant  interaction  or  an  additive 
effect,  if  you  wish. 

As  a  result  of  getting  the  combined  re- 
sponse of  the  two,  if  there  is  a  synergistic 
effect,  you  will  have  it  as  a  significant  inter- 
action.   Can  you  answer  that  differently? 

Question:  I  wanted  to  ask  one  related  to  it. 
I  can't  answer  it.    I  don't  have  difficulty 
following  what  you  have  said.     The  mental 
block  that  I  have  is  to  picture  a  material 
with  a  hundred  peaks.    We  don't  need  a 
hundred. 

For  example,  with  26  letters  in  the  al- 
phabet, we  can  rim  into  hundreds  of  thousands 
of  words  and  these  things  don't  have  to  follow 
vowels  and  consonents  and  so  on.     So  that  you 
can  run  into  millions  of  combinations,  and 
that  is  my  mental  block. 

How  does  your  taste  panel  overcome 
this  enormous  job  of  screening  these  combi- 
nations ? 

A.  Kramer:    The  large  number  of  combina- 
tions  are  among  the  peaks,  and  the  computer 
does  that.    We  don't  ask  the  panel  to  pick  out 
an  infinite  number  of  flavor  notes.    We  don't 
ask  them  to  do  a  flavor  profile.    We  ask  them 
to  simply  give  us  a  flavor  preference  evalua- 
tion. 

Questioner:    But  you  give  them  components 
that  represent  the  peak  or  the  peak  that  re- 
presents the  component.     So  you  are  con- 
fronted with  20  or  50  peaks  that  you  wish  to 
give  in  various  combinations.    And  if  you  do 
this,  you  get  again  into  the  millions  of  com- 
binations. 

A.  Kramer:    That  is  the  dilemma  of  the 
chemist  which  I  am  trying  to  solve  statistic- 
ally with  a  computer.    Also,  I  am  doing  this 
in  reverse  by  starting  out  with  food  products 
as  such. 


Now  what  you  are  asking  perhaps  is  what 
would  the  flavor  chemist  do  if  he  were  going 
to  take  this  bean  product  I  am  talking  about 
and  start  adding  components  to  it  and  then 
give  that  to  the  taste  panel. 

That  would  be  another  problem  which  I 
haven't  considered.    What  I  am  suggesting 
here  is  an  attempt  to  find  a  means  of  measur- 
ing the  flavor  quality  of  foods  that  are  already 
complete  foods,  rather  than  determining  the 
effect  of  any  additives  that  may  be  added. 

S.  J.  Hiemstra:    I  am  the  person  responsible 
for  computing  the  percentage  of  income  spent 
for  food.    I'd  like  to  go  back  to  that  one  just 
briefly,  if  I  may. 

It  seems  to  me  there  are  two  points  be- 
ing overlooked.     First  of  all,  food  expendi- 
tures have  been  increasing  in  dollar  amounts. 
Last  year,  food  expenditures  went  up  about 
five  percent.     They  have  been  going  up 
rather  substantially  each  year.    It  is  only 
because  food  expenditures  don't  go  up  as 
much  as  income  that  we  have  a  decline  in 
the  proportion  of  income  spent  for  food. 
Since  total  food  expenditures  have  increased, 
returns  to  food  processors  have  increased. 
Further,  a  lot  of  the  decline  in  the  propor- 
tion of  income  spent  for  food  has  been  the 
result  of  decreased  returns  to  farmers. 
Gross  returns  to  food  processors  and  mar- 
keting agencies  in  the  past  have  increased 
at  about  the  same  rate  as  after  tax  income, 
and  this  situation  likely  will  continue. 

Secondly,  the  Marketing  Economics  Di- 
vision of  ERS,  as  well  as  other  people,  have 
conducted  studies  of  costs  of  convenience 
foods,  and  they  have  found  that  in  many  cases 
costs  of  convenience  foods  are  less  than  com- 
parable nonconvenience  foods --instant  coffee 
and  concentrated  orange  juice,  for  example. 
On  the  average,  they  have  found  that  conven- 
ience foods  cost  no  more  than  their  counter- 
parts.   As  a  result,  I  think  it  is  possible  to 
have  an  increase  in  convenience  foods  even 
without  having  a  further  increase  in  total 
food  expenditures.     However,  I  do  think  ex- 
penditures for  foods  will  continue  to  increase, 
and  the  increase  in  expenditures  for  pro- 
cessed foods  will  be  even  greater, 

H.  H.  Mottern:  Obviously  you  can  have  a 
complex  food,  say  mincemeat,  where  the 
housewife  has  to  shop  for  a  number  of  items 


120 


and  doesn't  always  buy  them  in  the  quantity 
that  she  will  use  them.     She  can  buy  the  re- 
quired amount  and  have  mincemeat  with  no 
waste. 

When  it  comes  to  concentrated  orange 
juice,  with  the  savings  in  freight,  storage 
and  so  forth,  there  is  a  cost  advantage.  But 
this  is  not  true  when  it  comes  to  such  things 
as  instant  sugar  where  all  you  need  to  do  is 
just  drop  a  spoonful  in  ice  tea  and  it  dissolves 
as  it  descends,  or  even  instant  flour  which 
may  be  useful  to  spoon,  and  make  a  sauce, 
but  certainly  would  cost  more  in  baking 
bread. 

How  far  can  we  go  in  that  direction?    It 
is  not  just  a  case  of  statistical  projection  but 
a  case  of  not  underestimating  the  power  of  a 
woman. 

Question:    I  am  still  not  clear  on  the  dollar 
thing.    Ignoring  the  population  increase,  here 
is  my  question,  the  question  is,  will  the  food 
processing  industry  receive  more  or  less 
dollars  from  the  population  in  the  future? 
Can  somebody  answer  that  question? 

H,  G.  Hamilton:  I  would  say,  ignore  the  popu- 
lation  growth,  this  puts  it  on  a  per  capita 
basis,  I  think  the  food  processor  and  all  the 
people  that  have  to  do  with  food  are  going  to 
receive  less  per  unit  of  service  than  they 
receive  today,  that  is,  the  producer,  the 
transportation  company,  the  manufacturer, 
the  distributor,  and  everybody.     This  will 
take  place  because  of  advancement  in  tech- 
nology. 

Question:    Well  then,   my  question  is  to  this. 
Dr.  Hiemstra  just  said  that  the  food  expendi- 
ture per  capita  was  increasing  by  five  per- 
cent, but  that  the  increase  in  the  expenditure 
was  not  keeping  up  with  the  increase  in  in- 
come. 


So  I  still  see  a  dilemma  here. 


H.  G.  Hamilton:    It  seems  to  me  like  this  is 
quite  consistent.    It  is  simply  saying  that  the 
income  is  increasing  even  faster  than  what 
the  expenditure  for  food  is. 

S.  J.  Hiemstra:    I  don't  know  if  I  can  add  any- 
thing  to  this  confusion  or  not.    However,  past 
trends  have  shown  that  there's  been  an  in- 
crease in  the  amount  of  money  going  to  pro- 
cessors.   I  don't  think  there's  any  question 
about  this.    On  a  per  capita  basis,  you  still 


get  an  increase  in  the  amount  of  dollars  going 
to  processors.    Apparently,  I  am  not  in  agree- 
ment with  Dr.  Hamilton  on  this  point, 

H.  G.  Hamilton:    Probably  one  of  our  dis- 
agreements is  that  you  are  saying  that  you 
are  talking  about  the  processor,  he  is  per- 
forming more  and  more  services  all  the 
time. 

S.  J.  Hiemstra:    I  am  not  disputing  that  at 

an:: 

H.  G.  Hamilton:    Well,  for  the  same  service, 
your  food  processor  is  going  to  get  less  in- 
come, I  think.    As  processors  increase  their 
efficiency  the  cost  to  the  consumer  for  a 
given  service  will  be  reduced  and  the  income 
for  performing  a  given  service  will  be  de- 
creased to  the  processor. 

S,  J,  Hiemstra:    No,  proportionately  less  of 
total  income,  but  more  in  number  of  total 
dollars. 

Question:    Some  discussion  was  had  this 
morning  about  flavor  potentiators  and  about 
synergistic  effects.    Has  any  work  been 
done  on  flavor  depredators  in  the  event  you 
have  an  objectionable  flavor? 

I  am  thinking  of  one.  I  can't  say  that 
my  wife  cooks  fresh  turnips,  but  when  my 
mother  and  my  grandmother  cooked  fresh 
turnips,  they  always  added  a  bunch  of  pota- 
toes. They  seem.ed  to  help  the  flavor  be- 
cause I  think  a  lot  of  us  objected  to  the 
strong  flavor  of  the  turnips. 

Now,  is  that  some  field  of  flavor  in- 
vestigation that  may  need  some  attention? 

E.   Theimer:    I  think  that  last  statement  hit 
it  right  on  the  nose.    It  needs  a  lot  of  investi- 
gation.   I  think  there  are  some  indications 
that  there  are  neutralization  effects  but  they 
have  not  been  well  documented,  and  I  cer- 
tainly couldn't  give  you  any  references. 

If  you  asked  about  the  question  of  po- 
tentiators, I  could  refer  you  to  a  symposium 
that  was  held  recently  with  some  very  care- 
ful scientific  tables  set  up  for  the  effect  of 
one  compound  on  another  and  what  happens 
when  you  use  varying  amounts  and  under 
varying  conditions. 

But  I  don't  know  of  any  further  work 
that's  been  done,  although  there  is  a  potential 
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there.     That  these  effects  are  possible  at 
least,  that  is  all  I  can  say. 

Question:    This  may  be  the  wrong  group  to 
ask  the  question.    I'd  like  to  know  if  any- 
body can  foresee  any  tendency  for  the  farmer 
to  stop  being  the  goat  and  get  a  little  bit 
bigger  percentage  of  the  dollar  for  what  he 
produces? 

A.  Kramer:   As  a  matter  of  fact,  I  was  going 
to  ask  this  question  of  Dr,  Hamilton  in  some- 
what a  different  way,  and  I  have  a  specific 
example.    I  had  mentioned  in  my  earlier  re- 
marks that  quality  control  as  a  system  is 
being  used  and  used  more  and  more  in  the 
processing  industry,  but  very  little  in  the 
production  of  agricultural  commodities  or 
in  the  manufacture  of  the  finished  product 
for  consumption. 

And  now  my  example  is  again  with  green 
beans.     There  is  a  variety  called  Black  Val- 
entine with  which  some  of  you  may  be  famili- 
ar, and  perhaps  a  lot  of  it  comes  from  this 
area.    It  is  very  popular  on  the  fresh  market 
because  it  is  easy  to  handle  and  it  looks 
beautiful,  the  appearance  is  terrific. 

The  fiber  content  is  astronomical.  Why 
anybody  after  he  brings  it  home  wants  to  eat 
it,  I  really  don't  know. 

Now,  the  reason  for  this,  I  am  satisfied, 
is  the  fact  that  there  is  no  adequate  quality 
control  in  the  production  of  these  beans  in 
relation  to  ultimate  consumer  or  customer 
preference.    As  a  result  of  this  lack  of 
quality  control  on  the  fresh  market  product, 
who  eats  fresh  beans  any  more?    They  use 
canned  or  frozen  beans. 

They  are  processed,  and  so  there  is  the 
added  value  and  the  added  cost  of  the  manu- 
facturing process.    However,  if  the  growers 
were  to  put  out  a  bean  that  not  only  looks 
nice  when  it  is  purchased  in  the  fresh  state 
but  also  tastes  okay,  and  the  texture  is  all 
right,  why  there  would  be  a  much  better 
chance  to  hold  onto  this  fresh  market,  and 
some  of  the  farmers  get  a  bigger  share  of 
the  dollar  for  those  beans.    I  grant  that  is 
only  a  partial  answer. 

J.   C.  Miller:    I  would  like  to  talk  about  this. 
This  old  Black  Valentine  was  the  reason  why 
it  is  still  grown.    Anyone  who  knows  beans  at 
all  recommends  the  Black  Valentine  to  the 
public,  but  when  you  have  a  bunch  of  shippers 


who  demand  that  bean,  why?    We  lay  the 
beans  out  on  the  table  and  let  them  stay  there 
for  a  week,  and  the  rest  of  them  will  wilt. 

The  store  manager  wants  a  product  that 
will  look  like  a  bean.    And  they  insist  they 
want  the  Black  Valentine  bean. 

Now,  going  back  to  your  flavors,  we'd 
like  to  have  a  bean  like  Kentucky  Wonder  or 
the  Blue  Lake  or  something  like  that.     But 
we  have  other  good  beans  like  Contender 
and  many  more. 

But  to  sell  the  other  bean  varieties  and 
get  the  shippers  to  try  them  is  another  propo- 
sition.   We  have  to  educate  the  shippers, 
organizations  who  control  the  growers. 

The  growers  don't  want  it  because  it  is 
a  low-yielding  bean.    We  have  others  that 
yield  twice  as  much.     But  the  shippers  still 
demand  it,  they  want  the  Valentine  bean  be- 
cause it  holds  up  quite  a  while. 

E.   Theimer:    I  wonder  if  I  could  comment  on 
this  general  area  just  a  moment  from  the 
long-range  point  of  view,  that  the  problem  of 
developing  a  food  product  which  is  good  from 
every  standpoint  seems  to  be  just  a  little  bit 
too  tough  to  consider. 

If  you  grow  larger  and  larger  straw- 
berries, you  get  less  and  less  flavor  per 
strawberry,  or  possibly  you  get  the  same 
amount  of  flavor  per  strawberry,  but  you 
certainly  get  less  flavor  per  unit  weight. 

If  you  change  the  size  for  the  better, 
then  you  are  going  to  change  some  other  char- 
acteristics also,  and  for  the  worse.    So  I 
will  come  back  to  the  proposal  that  we  try 
to  develop  the  finest  food  from  the  standpoint 
of  quality,  of  texture,  nutrition  and  so  on, 
and  then  strip  out  all  of  the  flavor  if  it  is 
objectionable. 

In  other  words,  forget  about  the  flavor, 
just  get  rid  of  it  and  add  back  synthetic 
flavors  that  we  really  know  we  want.     This 
is  not  really  so  far-fetched.    When  you  make 
a  protein  flour  from  fish  and  it  is  not  proper- 
ly processed,  it  has  too  much  fishy  quality 
and  people  don't  want  it.    If  it  is  too  well 
processed,  it  is  completely  bland  and  people 
again  don't  want  it. 

What  they  want  is  just  the  amount  that 
they  by  their  past  experience  associate  with 
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good  fish,  good  fresh  fish.    Well,  again,  in- 
stead of  trying  to  achieve  this  by  controlled 
processing,  rather  let's  get  all  these  wonder- 
ful things  all  together  into  one  final  package 
by  getting  rid  of  all  the  flavor  and  then  putting 
back  the  amount  desired. 

And  this  is  something  that  we  are  actu- 
ally working  on.    I  think  in  the  near  future 
that  this  is  certainly  a  possibility. 

Question:     This  is  for  Mr.  McCaffery,    I  was 
wondering  if  he  could  give  us  a  little  more  in- 
formation on  the  market  test,  telling  us 
whether  they  are  homogenized  bananas, 
sliced,   or  for  future  problems? 

T.  J.  McCaffery:    The  banana  slices  are 
slices  that  have  been  included  in  a  package 
of  corn  flakes.    We  are  drying  the  banana 
slices.    We  are  not  producing  the  product 
itself.    Until  we  actually  saw  one  of  the  pack- 
ages of  the  finished  product,  we  really  had 
very  little  idea  of  exactly  what  was  in  this 
formulated  banana  product.    It  is  very 
cleverly  formulated.    I  don't  know  exactly 
how  it  is  made,  but  I  have  a  fairly  good 
idea.    I  believe  it  consists  of  pureed  or 
mashed  banana  mixed  with  cellulose  gum, 
wheat  starch  and  EDTA  to  preserve  the 
color.    As  far  as  I  know,  that  is  the  extent 
of  the  ingredients  in  the  product. 

The  EDTA  has  apparently  been  added  to 
preserve  the  pale  yellow  color  typical  of  the 
banana.    We  have  dried  pure  banana  slices. 
As  a  matter  of  fact,   some  of  you  who  have 
been  in  my  office  have  seen  a  small  jar  of 
them  that  has  been  there  for  over  two  years. 
They  are  still  just  as  nicely  pale  yellow  as 
they  were  the  day  they  were  dried. 

Why  go  to  a  formulated  banana?  Well, 
we  have  all  eaten  tart  strawberries;  I  think 
we  have  all  eaten  fresh  sweet  ones.  How 
would  you  achieve  complete  uniformity  in  a 
product  unless  you  actually  did  homogenize 
and  produce  a  formulated  finished  product? 

I'm  sure  Dr.   Theimer  is  very  well  ac- 
quainted with  this  sort  of  problem.    We  try 
to  end  up  with  a  product  that  tastes  the  same 
all  the  time.    When  you  begin  with  ingredi- 
ents that  vary  from  day  to  day,  where  you 
have  different  varieties  of  bananas  and  differ- 
ent degrees  of  ripeness,  I  feel  that  this  is  a 
very  appropriate  way  to  achieve  a  uniform 
product  with  something  such  as  these  banana 
slices. 


V    H.  Mc  Far  lane:    Unless  there  are  addition- 
al  questions  at  this  time,  I  wish  to  express 
my  thanks  to  the  members  of  the  panel  for 
their  statements  and  for  their  willingness  to 
answer  the  questions  that  have  been  raised. 

I  want  also  to  express  my  thanks  to 
everyone  here  for  their  attendance  and  in- 
terest in  the  program.    I  turn  the  micro- 
phone over  to  Dr.  MacDowell  for  any  closing 
announcements  he  may  wish  to  make. 

L.   G.  MacDowell:     Thank  you  Dr.  McFarlane, 
for  presiding  here  this  morning.    I'd  like  to 
thank  all  of  you  for  your  attendance  and  close 
attention  here  this  morning, 

I  think  it  would  be  appropriate  at  this 
time  to  extend  our  thanks,  and  with  your  per- 
mission I  will  do  so,  to  the  U.  S.  Department 
of  Agriculture  and  its  collaborators  who  have 
put  together  this  instructive  and  informative 
conference. 

I  would  particularly  like  to  mention  the 
Program  Committee  consisting  of  Dr.  Wojcik 
as  chairman.  Dr.  McFarlane,  Mr.  Vix,  Dr. 
Mikell,  Dr.  Deobald,  Mr.   Spadaro,  and  Mr. 
Mazzeno.    I  think  we  owe  them  a  vote  of 
thanks. 

Lastly,  but  not  leastly,  we  thank  Mrs. 
Sharar,  our  Girl  Friday,  who  has  really 
been  the  work  horse. 

Our  even  more  unobtrusive  helpmate, 
the  fruits  of  her  efforts  which  will  come  out 
at  a  little  later  time,  is  our  recorder,  Mrs. 
Ellis. 

That  concludes  my  remarks.    I  turn  this 
meeting  back  to  Dr.  Wojcik  for  any  further 
thoughts  he  may  have.     Thank  you. 

B.  H.  Wojcik:     Thank  you.  Dr.  MacDowell. 
Somebody  asked  a  question  about  the  storage- 
ability  of  sweet  potatoes.    In  a  private  con- 
ference with  Dr.  Julian  Miller,  he  informed 
me  that  you  cannot  store  sweet  potatoes  in  an 
atmosphere  of  CO2  with  complete  satisfaction. 
According  to  Dr.   Miller,  it  is  essential  that 
even  under  refrigeration  air  be  gradually 
passed  over  the  sweet  potatoes  for  the  best 
results. 

Normally  at  this  time  our  director.  Dr. 

C.  H.  Fisher,  makes  appropriate  closing 
remarks.  He  asked  that  I  express  to  you 
his  regrets  for  not  being  able  to  do  so  today. 
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Last-minute  assignments  from  Washington 
and  unexpected  visitors  who  came  to  his 
office  require  that  he  stay  at  the  laboratory. 

On  behalf  of  the  Division  and  its  staff,  I 
wish  to  express  appreciation  to  the  State 
Experiment  Station  Directors,  their  Assistant 
Directors  and  collaborators,  industry  col- 
leagues and  others  for  participating  in  our 
program.    We  hope  you  have  found  this  meet- 
ing informative,   enjoyable,  and  that  you  will 
come  back  to  see  us  again  soon. 

To  all  of  you  who  have  had  an  active  part 
in  the  program,  we  are  most  grateful;  to  the 
chairman,  Dr.  O.  B.  Garrison,  to  the  co- 
chairman,  to  Dr.  MacDowell  who  led  the 
panel  discussion,  to  Dr.  Kermit  Bird  who 
helped  immeasurably  in  seeing  that  we  would 


have  a  good  attendance,  and  to  Dr.  McFar- 
lane  who  really  worked  hard  behind  the 
scenes  to  make  this  conference  so  success- 
ful. 

We  also  would  like  to  thank  Mr.  M.  H. 
Walker,  the  projectionist  for  his  contribution 
to  the  program. 

I  remind  you  again  that  the  proceedings 
will  be  mailed  to  you  as  soon  as  they  become 
available. 

Also  I'd  like  to  thank  those  who  have  sup- 
plied the  samples,  the  little  exhibit  that  we 
have  in  the  back.     Those  of  you  who  haven't 
taken  a  look  at  it  yet  please  do  so  now. 

This  concludes  our  program.  Once  again 
thank  you  very  kindly  for  your  participation  and 
cooperation  and  your  attendance. 
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Washington  Univ.  ,   4005  Cleveland,  Kensing- 
ton, Md.  20795 

Mikell,  John  J.  ,  Agr.   Expt.   Sta.  ,   Louisiana 
State  Univ. ,   P.  O.   Box  8877,  Univ.  Sta. , 
Baton  Rouge,  La.   70803 


Miller,  Julian  C.  ,  Dept.  of  Hort.  and  Land- 
scape Architecture,  Louisiana  State  Univ. , 
P.  O.  Box  8877,  Univ.  Sta. ,  Baton  Rouge, 
La.   70803 
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Milner,  Max,   Food  Conservation  Div,  , 
UNICEF,   United  Nations,  N,  Y.    10017 

Mitchell,  Wendell,  Southeastern  Louisiana 
College,  P.  O.   Box  362,  Hammond,   La. 
70402 

Morgan,  A.L,  Jr.,  Eng,  and  Dev.   Lab., 
West,  Util.  Res.  and  Devlpmt.  Div.  ,  800 
Buchanan  St. ,  Albany,   Calif.   94710 

Morris,  Justin  R.  ,   Processing  Crops,  Univ, 
Arkansas,  221  Gray  Hall,   Fayetteville, 
Ark.   72701 

Morrow,  Albert  P.  ,   Tenco  Div.  ,   Coca-Cola 
Co.,   P.   O.   Box  15,   Linden,   N.J.   07036 

Morton,   Lee,  Dr.   Pepper  Co.  ,   P.  O.   Box 
5086,  Dallas,   Tex,   75222 

Moshy,  Raymond  J.  ,  Res.  and  Devlpmt, 
Div. ,   Chem.  Dev.   Labs.  ,  American 
Machine  and  Foundry  Co,  ,   689  Hope  St,  , 
Springdale,   Conn.   06879 

Mottern,  H.  H.  ,  844  Central  St.  ,  Glenview, 
111. 

Nelson,  G.  G.  ,  Res,  Dept,  ,  General  Foods 
Ltd,  ,   Cobourg,  Ontario,   Canada 

Nelson,  H.  G. ,  Mrs,  ,  Home  Economics, 
Southeastern  Louisiana  College,  Hammond, 
La,   70402 

Nelson,  H.G,  ,   Food  Technology,  South- 
eastern Louisiana  College,  Hammond,   La. 
70402 

Newsom,  Donald  W.  ,  Hort.  and  Landscape 
Architecture,  Louisiana  State  Univ, ,   P.O. 
Box  8877,  Univ.   Sta,  ,  Baton  Rouge,  La. 
70803 

Novak,  Arthur  F,  ,  Department  of  Food  Sci. 
and  Tech,  ,  Louisiana  State  Univ,  ,   1241 
W.   Chimes  St.  ,  Baton  Rouge,   La.   70802 

Nur,  M.  Anwar,   Louisiana  State  Univ. ,   149 
E.  State,  Baton  Rouge,   La.   70802 

O'Connell,  Jack  J.  ,  Silveira&O'Connel, 
P.O.   Box  320,  Sebastopol,   Calif,  95472 

O'Connell,  Jim,  Jas,  E.    O'Connell  Company, 
Inc.,  P.O.  Box  149,  Sebastopol,   Calif, 
95472 


Odell,  A,D.  ,  Isolated  Protein  Program, 
General  Mills,  Inc.,  9000  Plymouth  Ave. , 
North,   Minneapolis,   Minn.    55427 

Olsen,  Robert  W.  ,   Citrus  Expt.   Sta.  ,   Lake 
Alfred,   Fla.   33850 

Parker,  W.  E, ,  Miss.   Fed.   Coop.  ,   Crystal 
Springs,   Miss.   39059 

Pearl,  Robert  C. ,  Agr.   Ext.   Serv,  ,  Univ. 
California,   109  Cruess  Hall,  Davis,   Calif, 
95616 

Pendergrass,  Robert  P.  ,   FDA,  222  Customs 
House,   423  Canal  St.  ,  New  Orleans,  La. 
70130 

Potter,  Norman,   Food  Tech.  ,  Res,  and 
Devlpmt.  Div.  ,   Chem.  Dev.   Labs.  , 
American  Machine  and  Foundry  Co.  ,   689 
Hope  St.  ,  Springdale,  Conn.   06879 

Pyburn,  Helen  M, ,  Dept.  of  Home  Econom- 
ics, Southeastern  Louisiana  College, 
Hammond,  La.   70402 

Reaves,  William  J. ,  R.  J.  Reynolds  Tobacco 
Co.  ,  Winston-Salem,  N,  C,  27102 

Reynolds,  James  M, ,   The  Nestle  Co.  ,   100 
Bloomingdale  Rd.  ,  White  Plains,  N.  Y, 
10605 

Roberts,  W.  M.  ,  Dept.  of  Food  Sci, ,  Agr, 
Expt,  Sta, ,  Univ,  North  Carolina, 
Raleigh,  N.  C.  27607 

Robideau,  Mary,  Cen.  Res,  Lab,  ,  General 
Mills,  Inc.  ,  James  Bell  Res,  Cen.  ,  9000 
Plymouth  Ave,  North,  Minneapolis,  Minn, 
55427 

Robinson,  Arthur  L. ,  Robinson  Extract  Co.  , 
Inc. ,  5837  Berkley  Dr.  ,  New  Orleans,  La. 
70114 

Rogers,  A.   Barde,   Food  Res.  Div.  ,  Armour 
and  Co.  ,  801  West  22nd  St. ,  Oak  Brook, 
m.   60523 

Schember,  V.  E.  ,  Agr.   Expt.  Sta,  ,   Texas 
A&M  Univ, ,  College  Sta, ,   Tex.   77843 

Schlosser,  Georgia,  ARS,  USDA,  Washing- 
ton, D,  C,   20250 

Schuldt,  Erich H,,  Anheuser-Busch,  721 
PestalozziSt.,  St.  Louis,  Mo.   73118 
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Seay,  W.A.  ,  College  of  Hort.  Economics, 
Univ.  Kentucky,   Lexington,  Ky.   40506 

Seltzer,  Edward,  Thomas  J.  Lipton,  Inc.  , 
800  Sylvan  Ave.  ,  Englewood  Cliffs,  N.J. 
07632 

Senti,   F,  R. ,  ARS,  USDA,  Washington, 
D.  C.   20250 

Sites,  John  W.  ,  Agr.   Expt.   Sta.  ,  Univ. 
Florida,  Gainesville,   Fla.  32603 

Smith,  Allan  K. ,  Consultant,  4671  Painters 
St. ,  New  Orleans,   La.   70122 

Smith,  Claude,   Food  Div.  ,  Miss,  Fed.  Coop., 
414  North  St.  ,  Jackson,  Miss.  39202 

Smith,   E.V.  ,  Agr.   Expt.   Sta.,  Auburn 
Univ. ,  Auburn,  Ala.  36830 

Smith,  John  C. ,   Prod.  Res.  ,  Uncle  Ben's, 
Inc.,   P.O.  Box  1752,  Houston,   Tex.   77001 

Smith,  Kent,   FDA,  222  Custom  House,   423 
Canal  St. ,  New  Orleans,  La.   70130 

Steinberg,  Marvin  P.  ,  Dept.  of  Food  Sci. , 
College  of  Agriculture,  Univ.  Illinois, 
Urbana,  111.   61803 

Stephens,   Charles  R.  ,   Chas.   Pfizer  and  Co., 
Inc.  ,  Groton,  Conn.   06340 


Sylvester,  Oscar,  Jr.  ,  c/o  Fruge  and  Foret 
Law  O 
70586 


Law  Office,   Court  St. ,  Ville  Platte,   La. 


Takagi,  Akira,  Produce  Dept, ,  Mitsui  V. 
Co.  ,  200  Park  Ave, ,  New  York,  N.  Y. 
10017 

Tamsma,  A,  ,  Dairy  Prods,   Lab.  ,   East, 
Util.  Res.  and  Devlpmt.  Div.  ,  USDA, 
South  Bldg.  ,  Room  0622,  Washington, 
D.  C.   20250 

Theimer,   Ernst,  Res.  and  Devlpmt.,  Inter - 
nat.   Flavors  and  Fragrances,  Inc.  ,  800 
Rose  Lane,  Union  Beach,  N.J.   07735 

Thornton,   N.  C.  ,   United  Fruit  and  Food 
Corp.  ,  80    Federal  St.  ,  Boston,  Mass. 
02110 

Thrash,  Nelle,  Ext.   Food  Preservation 
Dept. ,  Univ.  Georgia,  Hoke  Smith  Annex, 
Athens,  Ga.   30601 


Thulin,  Walter  W.  ,  Mkt.  Res.  and  Devlpmt., 
Cen.  Res.   Labs.  ,  General  Mills,  Inc.  , 
James  Ford  Bell  Res.   Cen.  ,  9000  Ply- 
mouth Ave.  North,  Minneapolis,  Minn. 
55427 

Torrie,  K.  M.  ,  Res.  Dept.  ,  General  Foods, 
Ltd.  ,  Cobourg,  Ontario,   Canada 

Truitt,  W.  C.  ,   Corbett  Assoc.  ,  Inc.  ,  Ville 
Platte,  La.   70586 

Upchurch,  Melvin  L.  ,   Farm  Prods.   Econ. 
Div.  ,   ERS,  USDA,  Room  4909,  Bldg.  S, 
Washington,  D,  C,   20250 

Vanderzant,   C.  ,  Dept.  of  Dairy  Sci.  ,   Texas 
A&M  Univ.  ,   College  Sta.  ,   Tex.   77843 

Vidrine,   Clyde,   Evangeline  Oil  Mill,   131 
Court  St.  ,  Ville  Platte,   La.   70586 

Waitman,  Reuben,  Jello  Res.   Lab.  ,  Gener- 
al Foods  Corp.  ,  White  Plains,  N.  Y.   10591 

Walker,   Paul  N.  ,  Brown  Miller  Co.  ,   Pickle 
Packers  Internat.  ,   P.O.   Box  10278,  New 
Orleans,   La.   70121 

Waters,  Melvin  E.  ,  U.  S.   Fish  and  Wildlife 
Service,   P.O.   Box  1207,   Pascagoula, 
Miss.   39567 

Westbrooks,  James  H.  ,  Sales  Dept.  ,   Con- 
tinental Can  Co.  ,   1310  Richards  Bldg.  , 
New  Orleans,  La.   70112 

Wharton,   F.  D.  ,  Jr.  ,  Monsanto  Chem.   Co.  , 
800  N.   Lindbergh  St.  ,  St.   Louis,  Mo.  63166 

Whatley,  J.  A.,  Okla.  Agr.   Expt.   Sta.,  Still- 
water, Okla.   74075 

Wilkowske,  H.  H.  ,  Agr.   Expt.   Sta.,  Univ. 
Florida,  Gainesville,   Fla.   32603 

Williams,  Donald  H.  ,  Dairy  &  Food  Inds. 
Supply  Assoc.  ,    1145  -  19th  St.  ,  N.  W.  , 
Washington,  D.  C.   20036 

Williams,  W.  P.  ,  Jr.  ,  Dept.   of  Food  Sci. 
and  Biochemistry,   Clemson  Univ. , 
Clemson,   S.  C.  29631 

Williamson,  J.  C,  Jr.,  School  of  Agriculture, 
Univ.  North  Carolina,  Agr.   Expt.   Sta., 
Raleigh,  N.  C.  27607 

Wilson,  CoytT.,  Agr.  Expt.  Sta.,  Virginia 
Polytechnic  Inst.,  Blacksburg,  Va.   24061 
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Wingenbach,  James  J,  ,   F.  J.  Stokes  Co. , 
5500  Tabor  Rd. ,  Philadelphia,  Pa.   19120 

Wodicka,  Virgil  O.  ,  Hunt -Wesson  Foods, 
1645  West  Valencia  Dr. ,   Fullerton,   Calif. 
92633 

Wood,  Charles  B.  ,   Food  Tech.  ,  Agr.   Expt. 
Sta.  ,  Virginia  Polytechnic  Inst. ,  Blacks- 
burg,  Va.  24061 


Woodroof,  J.  G.,  FoodSci.  Div.,  Agr,  Expt. 
Sta.,  Univ.  Georgia,  Experiment,  Ga.  30212 

Wright,  Salmon  L.,  m,  Wright  Lab.  ,  P.O.  Box 
215,   Crowley,  La.  70526 

Yang,  S.  P.,  Louisiana  State  Univ.,  P.O.  Box 
8877,  Univ.  Sta.,  Baton  Rouge,  La.   70803 

Yeatman,  JohnN.,  ARS,  USDA,  Room6B,  Ad- 
min. Bldg.,  Plant Ind.  Sta.,  BeltsviUe,  Md. 
20705 


Personnel  in  Attendance 

from 

SOUTHERN  UTILIZATION  RESEARCH  AND  DEVELOPMENT  DIVISION 


Altschul,  Aaron  M.  (Dr. )  -  Seed  Protein 
Pioneering  Res.   Lab. 

Berquist,  Jack  J. ,   -  Administrative  and 

Plant  Management 
Bourdette,  Vernon  R.   -  Information  Office 

Carpenter,   Frank  G.   (Dr.)  -  Food  Crops 

Lab. 
Catalano,  Edwin  A.   -  Food  Crops  Lab. 
Clasen,  Glenn  P.   -  Administrative  and 

Plant  Management 
Codifer,  Louis  P. ,  Jr. ,   -  Oilseed  Crops 

Lab. 
Cucullu,  Alva  F.  (Mrs. )  -  Oilseed  Crops 

Lab. 

Deobald,  Harold  J.   (Dr.)  -  Food  Crops  Lab. 
Dollear,   Frank  G,   -  Oilseed  Crops  Lab. 
Dupuy,  Harold  P.   (Dr. )  -  Oilseed  Crops 
Lab. 

Etchells,  John  L.  (Dr.)  -  Food  Fermenta- 
tion Lab.  ,  Univ.  North  Carolina,  Raleigh, 
N.  C. 

Feuge,  Reuben  O.   -  Oilseed  Crops  Lab. 
Fisher,   Charles  H.  (Dr. )- Director's  Office 
Frampton,  Vernon  L.   (Dr.)  -  Oilseed  Crops 
Lab. 

Gallo,  Alexander  S.   -  Eng.  and  Devlpmt. 

Lab. 
Gastrock,   Edward  A.   -  Eng.  and  Devlpmt. 

Lab. 
Goldblatt,   Leo  A.  (Dr.)  -  Oilseed  Crops 

Lab. 
Griffiths,   F.  P.   -  Fruit  and  Veg.   Prods. 

Lab. ,  Weslaco,   Tex. 


Hasling,  Vera  C.   -  Food  Crops  Lab. 
Hausser,  Mary  C.  (Mrs.)  -  Director's  Office 
Hester,  Opie  C.   -  Economic  Research 

Service 
Hilding,   Loeta  B.   (Mrs. )  -  Information 

Office 
Hoffpauir,  Carroll  L.   -  Director's  Office 

Ikemiya,  Masayuki  (Dr.)  -  Food  Crops  Lab. 

Jones,  Marie  A.   -  Information  Office 
Jones,  Mary  Alice  B.  (Mrs.)  -  Director's 
Office 

Lambou,  Madeline  G.  (Mrs. )  -  Eng.  and 

Devlpmt.   Lab. 
Lee,  Louise  S.  (Mrs. )  -  Oilseed  Crops  Lab. 

Martinez,  Wilda  H.   (Mrs.)  -  Oilseed  Crops 

Lab. 
Massaro,  Emma  L.   (Mrs.)  -Administrative 

and  Plant  Management 
Mayne,  Ruth  Y.   -  Oilseed  Crops  Lab. 
Mazzeno,  Laurence  W.  ,  Jr.   -  Director's 

Office 
McFarlane,  Vernon  H.   (Dr.)  -  Food  Crops 

Lab. 
McLemore,   Taylor  A.   -  Food  Crops  Lab. 

Nelson,  Mary  L.   (Dr. )  -  Plant  Fibers 
Pioneering  Res.  Lab. 

O'Connor,  Robert  -  Cotton  Phys.   Props. 
Lab. 

Pearce,  Ellen S.  (Mrs.) -Director's 

Office 
Pearce,  Henry  M.  ,  Jr.   -  Eng.  and  Devlpmt. 

Lab. 
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Pominski,  Joseph -Eng.  and  Devlpmt.   Lab. 

Scott,  W.   CUfford  -  Fruit  and  Veg.   Prods. 

Lab. ,  Winter  Haven,   Fla.  33882 
Senn,  Vincent  J.  ,  Jr.   (Dr.)  -  Oilseed  Crops 

Lab. 
Sharar,  Beatrice  A,   (Mrs. )  -  Director's 

Office 
Skau,  Evald  L.  (Dr. )  -  Oilseed  Crops  Lab, 
Spadaro,  James  J.   -  Eng,  and  Devlpmt. 

Lab. 


Villacorta,  Maria  Luisa  -  Oilseed  Crops 

Lab, 
Vix,  Henry  L.   E.   -  Eng.   and  Devlpmt. 

Lab. 

Wadsworth,  James  L   -  Eng,  and  Devlpmt, 

Lab, 
Walker,  Merlin  H.   -  Plant  Management 
Williams,  Nancy  R.   (Mrs. )  -  Economic 

Research  Service 
Wojcik,  Bruno  H.  (Dr.)  -  Director's  Office 


Veldhuis,  M.  K.  -  Fruit  and  Veg.   Prods, 
Lab. ,  Winter  Haven,   Fla.   33882 


Ziegler,  George  M, ,  Jr.   -  Eng,  and 
Devlpmt,   Lab, 


131 


UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
AGRICULTURAL    RESEARCH    SERVICE 

Southern   Utilization   Research   a  Development  Division 
P.   O.    BOX    19637 

NEW  ORLEANS,  LOUISIANA     70119 


POSTAGE    AND    FEES    PAID 
U.   S.    DEPARMTENT   OF   AGRICULTURE 


OFFICIAL    BUSINESS 


